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Record-breaking service on an important 
Navy order, made possible by Ryerson co- 
operation on steel! “Without your assistance, 
it could not have been accomplished,” writes 
the contractor — and again Ryerson team- 
work scores. 
Cases like this 
steel-service has speeded up war production 


run into the thousands! While we have not 


-in which quick Ryerson 


kept count, enough Ryerson customers are 
working on war contracts to firmly establish 
Ryerson steel from stock as a vital part of 
the war production machine. 

IHlundreds of plants on war contracts are 


depending on Ryerson for steel. An impor- 


tant order here, too urgent to wait on mill 
production; a few bars there; some strip or a 
few sheets somewhere else. It multiplies into 
tremendous tonnage —-all labeled 
and it’s all going into tanks, planes, guns and 
ships to beat the Axis! 

It is a source of pride to the Ryerson or- 
ganization that its One Hundredth Year finds 
it on the direct line of greatest service in the 
war production program — There is a great 
deal of satisfaction in a War Production Unit 


report: “Without your assistance it could n 


have been accomplished.” 


JOSEPH T. RYERSON & SON, INC. - Chicago - Milwaukee - St. Louis - Cincinn®* 
Detroit - Cleveland - Buffalo - Boston - Philadelphia - Jersey City 
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Spot- 


lding of aluminum alloy sheet has been intensively studied 


by the aircraft industry, to develop a better and cheaper joint than 


can be made by riveting. Here is a complete analysis of micrographs 


0 


f acceptable welds in 248-T, both as welded and after heat treatment 


Metallurgieal Aspects of 


Spot-Welds in Aluminum Alloys 


IN ORDER TO IMPROVE the spot-welding process 

it is essential to know what goes on inside 
the weld, how it is affected by the various external 
factors of spot-welding, and why these factors 
affect the strength and other properties of the 
weld as they do. 

Study of the weld structure under the micro- 
scope, and application of existing metallurgical 
knowledge to what is observed, affords informa- 
tion on the basis of which true advances can be 
made. Investigation of the value of heat treatment 
in improving the physical properties of spot-welds 
is also greatly facilitated by metallurgical study. 

Published literature on the metallurgy of alu- 
minum alloy spot-welds has been lacking, with the 
exception of a few papers such as No, 1, 2, 9 and 
11 listed in the bibliography (page 1034). These are 
valuable aids, but do not give the detailed analysis 
which is now believed desirable. 


Fig. 1 Typical Spot-W eld in Two 215-T Alclad 
Sheets, 0.064 In. Thick. Sectioned, etched with 
Keller's reagent, and magnified 15 diameters 


Examination of Welds (Not Heat Treated) 


Microscopic examination of spot-welds made 
by magnetic stored energy machines in 24S-T 
alelad sheet reveals four main and distinct zones, 
as shown in the typical photograph (Fig. 1). The 


3) 


Fig. 2 Idealized Spot-W eld 
in Alclad, Sectioned, Showing Principal Zones. 
Dotted lines indicate course of three modes of rupture 


following covers the identification and interpreta- 
tion of the various metallurgical structures present 
in these zones; the numbers correspond to the 
zone designations shown in Fig. 2: 
Unaffected Zone (No, 1) 24S-T alloy, 
when heat treated and aged, should contain 
copper aluminide (CuAl,) particles of a size 
unresolvable by the microscope, finely dis- 
persed throughout grains of solid solution’. 


By J. R. Heising and E. H. Burkert 
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(plus the soluble portion of other 
elements) together with some 
metallic and non-metallic inclu- 
sions of the kinds described 
above. 

Special Conditions in Other- 
wise Unaffected Zones — As 
indicated, in Fig. 2, there are 
some special conditions under 
which intrusions will be made 
into the otherwise unaffected 
area, the chief of which are 
“filled cracks”, and 
These are briefly 


stringers’ 
“corona”, 
described below. 

After spot-welding one may 


often observe “stringers”, noted 


Fig. 3 (above) — Typical Microstruc- 
ture of 248-T; Representative of 
Unaffected Zone, No. 1 of Fig. 2. 
(Micros are etched with Keller's 
reagent and magnified 200 diam- 


eters, unless it is otherwise noted) 


Fig. 4 (center) — Outer Border of 
Heat Affected Zone, No. 2 of Fig. 2 


Fig. 5 (below, right) — Heat Affected 
Zone, Inner Portion of No. 2 of Fig. 
2, Showing “Burned” Grain Bound- 
aries. 300%. Rounded dark areas 
are pits locating crystals of Cu Al, 


(Sometimes particles of CuAl,, 
undissolved by heat treatment, 
are large enough to be visible 
under comparatively high 
magnification.) In addition, the at (a) in Fig. 2. These pass 


alloy will contain numerous dark 
appearing particles of Al-Cu-Mg 
and the complex Al-Cu-Fe-Mn 
constituent, quite characteristic 
of 24S alloy (Fig. 3). Also, it is 
suggested that other complex 
and unidentified constituents 
formed from aluminum, copper, 
magnesium and manganese, 
together with impurities always 
present, are to be found. Conse- 
quently, in the aged conditions 
the 24S-T alloy will consist of 
grains of solid solution of copper 
and magnesium in aluminum 


through the otherwise unaffected 
zone and are caused by the heat 
generated by contact resistance 
between electrode tips and sheet 
surfaces. It is believed that these 
“stringers” are located around 
the outer portion of the tip con- 
tact area, because of the higher 
contact resistance and also 
poorer heat conduction in this 
zone of lower pressure. This 
will be mentioned again under 
“Modes of Failure’. 

In all spot-welds examined, 
small longitudinal “cracks” have 
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been noted in the unafl. ted gop, 
immediately adjacent tc the 
periphery. These are noted 
(b) in Fig. 2, and pho graphed 
at the right end of Fig. 17, page 
1034. These “cracks” | evident), 
typical of spot-welds 245.) 
alloy) were examined, and jt was 
determined that they were filjeg 
with a copper-rich constityen: 
probably approaching the alumi. 
num-copper eutectic in composi- 
tion. (It is admitted that this 
constituent is undoubtedly much 
more complex than the aboy 
mentioned binary one, but fo; 
simplicity subsequent discussion 

will deal with the two-element 

mixture, as the aluminum and 


copper content will be th 
greatest portion of the mate- 
rial and will comprise th 
major part of the eutectir 

Further discussion of thes 
cracks will be given in the se 
tion entitled “So-Called Eute: 
tic Filled Cracks”. 

Acertain amount of fusior 
of the alclad coating of th 
two sheets may occur in t! 
region just outside the weld 
and is commonly referred | 
as “corona”. Fusion in this 
area may or may not be com- 
plete, but some strength is 


gained from this effect. 


much 


boy 
t for 


Fig. 6 to 9 — Dendritic Structures 
in Melted Core of Spot-Weld 


Heal-Affected Zone— Upon heating 24S-T 


jerial, CuAl, tends to agglomerate into larger 
ticles as the temperature increases, finally 
hocoming visible under the microscope. (See 
»hotomicrographs, Fig. 4 and 5; the CuAl, con- 


stituent appears dark because of the etching pits 
surrounding each particle.) 

The inner portion of Zone No. 2 in Fig. 2 
shows What appears to be “eutectic” melting along 
vrain boundaries (Fig. 5). Available information 
on the constitutional or phase diagram for this 
quaternary Mn alloy (4.4% Cu, 1.5% Mg, small 
amounts of Mn and Si) is not very explicit. The 
authors believe that the “eutectic” is formed 
between a solid solution and CuAl,. A recent 
evcellent paper by Keller and Bossert'® mentions 
the formation of the “eutectic” upon overheating 
of 24S alloy, but does not specify the composition 
of the eutectic. It is of interest to note that 
although Mg.Si compound is insoluble in the solid 
solution matrix, the presence of even small 
amounts of magnesium (in an alloy of aluminum 
and copper) reduces the solubility of copper in 
aluminum. Thus, the eutectic can be forming over 
) wider range of copper concentration than would 
be the case in pure binary alloy. The heterogeneity 
in composition caused by rapid solidification 
would also be a contributing factor. 

The presence of melted and re-solidified alloy 
is detrimental to the mechanical properties of the 
material. At elevated temperatures, as well as at 
room temperature after cooling, the inner portion 
of Zone No. 2 of Fig. 2 is believed to be the weakest 
part of the welded joint. In all subsequent dis- 
cussion this zone in which incipient fusion has 
taken place, as shown in Fig. 5, will be referred 
to as the “burned” zone. 

lhe Weld Proper — The structure of the weld 
“slug” (in the terminology of welding) is shown 
in the photomicrographs, Fig. 6, 7, 8, and 9. The 
cast structure of Zones No. 3 and 4 with their 
typical dendritic form of crystallization shows 
that this area has actually melted and that upon 
cooling re-solidification has produced the expected 
columnar type of structure at the outer part of 
the slug with equi-axed grains occupying the 
center. It is assumed that the width of the colum- 
har region is subject to the complex laws of 
crystallization, dependent upon many factors 
including the rate of cooling (temperature gradi- 
ent), velocity of grain growth (linear), and speed 
of nuclei formation of this particular alloy. 

Certain areas in Zone 4 of Fig. 2 show darker 
Spots (see Fig. 1 and Fig. 7) which might at low 
magnification easily be mistaken for porosity. It 
Should be stressed that examination of these areas 
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Fig. 7 
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Zone No. 


3 of Fig. 2 at 600 Diameters 


Junction of Zone No. 3 and 4 at 200 Diameters 


Central Equi-Axed Structure of 
1 of Fig. 2 at 600 Diameters 


vere 


Dark Areas in Zone No. 4 Are Clusters 


Dendrites. 


Magnihied 


600) diameters 
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at 600 diameters (Fig. 9) shows them to be finer 


dendrites of the columnar type similar to those in 
Zone No. 3. These might be caused by localized 
differences in solidification temperature and rate 
of solidification, resulting from lack of complete 
homogeneity in the melt as a consequence of the 
extremely short time interval (a fraction of a 
second) available for melting and re-solidification. 

All satisfactory spot-welds in 24S-T alloy 
examined to date showed the presence of all the 
above zones, but the widths of each varied accord- 
ing to the mechanical and electrical conditions 
encountered during welding. 

So-Called “Cracks”, Eutectic Filled The 
“cracks”, shown at (6) in Fig. 2, and in the right 
portion of Fig. 17, located in the unaffected Zone 
No. 1 around the periphery of spot-welds in 24S-T, 
were examined at high magnification in an attempt 


hig. 10 and 11 


ameters, of Material Contained in “Cracks”, 


Vicrostructure, at 1000 Di- 


to determine the composition of the filler. Liquid 
is apparently forced out from the molten slug, by 
the pressure of the electrode tips, into the molten 
eutectic-containing grain boundaries in Zone No. 2 
which act as conduits. Upon coming to the end 
of this molten grain boundary zone, and entering 
the hot border of Zone No. 1, this liquid accumu- 
lates due to pressure from behind. 
Photomicrograph of Fig. 10 shows one of 
these “cracks”, magnified 1000 diameters, as _ it 
appears in the as-welded condition. Keller’s etch 
(HF-HCI-HNO,-H.O) was used. The filler mate- 
rial has a gray-black structure like a two-phase 
eutectic, difficult to resolve. Black particles are 
of some constituent (perhaps Al-Cu-Mg or 
Al-Cu-Fe-Mn); the white-colored constituent is 
believed to be the theta or the CuAl, phase. 
Another “crack” at the same magnification 
is shown in Fig. 11 which had been given a solu- 
tion heat treatment following welding —— namely, 


heated to 925° F. for about 25 min. This treatment 
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rendered the constituents clearly | 
because insufficient time at “solution” 
prevented the appreciable solution of | 
cles, Whereas agglomeration has taken p 
short interval of time at heat treating t 


ly 


al 


peratur 


e 


per 


part 


al 


prevented any great amount of diffusion of Cy, 


into the material surrounding the “era 


white outlined constituent is CuAl,, as pri 


selective etching of other specimens. 1} 
constituent is either Al-Cu-Fe-Mn 06; 


unchanged by heat treatment, or possibly so) 
agglomerated, undissolved particles of Al-Cy-\, 


Gray matrix is aluminum solid solution 
from the amount of CuAl, (55% Cu) an 


Indicated at b in Fig. 2, Respectively as VW eldes 
and After Partial Solution (25 Min, at 925°F. 


Judy 
1 alu 
num solid solution present in the crack, the o 
position, aside from the Al-Cu-Fe-Mn constitue 
approaches that of the Al-Cu eutectic, which wi 
contain less than 33° Cu. 


Summary of Metallographic Changes 


In summary, the metallurgical investigat 


has shown that the “constitution” typical of bh 
treated 24S sheet is changed during spot-welding 
but that the extent of this change varies du 


conditions encountered. The changes are: 


1. Actual fusion (melting) has taken place 


all welds examined. 


2. The weld proper behaves in a manner \' 


similar to that of a cast ingot during cooling 


3. Segregation of some constituents tas 


place during the welding cycle. 
Copper-rich liquid is expelled f 
weld proper. 


>». A gradation in chemical compost! 


caused by the mode of solidification. TT! 
duces the “cored” dendritic segregation ty 
alloys when cooled from the molten stat 
heterogeneity forms new phases which 

found in the wrought alloy. 


n 


in. 
I 
| 

This 


Studies of 
Heat Treated Spot-Welds 


245 is one of the alloys of 
jluminum which will respond 
to solution and precipitation 
If we were 


heat treatment. 


with the alu- 
alloy, 


ypper would have 


lealing pure 


ninum-copper approxi- 
nately | 
been soluble in aluminum at 
25° whereas at room 
emperature less than 
opper 1s soluble under equi- 


brium conditions. (Of course, 


he solubility of copper in the 
24S alloy 
vhat changed by the simulta- 


smplex is some- 


leous presence of magnesium, 


hanganese, silicon, and 
impurities.) In the aluminum- 

pper alloy the precipitation 
sub-microscopic particles of 


rated solution causes the well- 


out of this super-satu- 


town phenomenon of “aging” and 
‘strengthening of the alloy*. 

Whether, under the special conditions of solid- 
cation and cooling following spot-welding, the 
‘UAL, compound is the major constituent coming 
woof solution in the complex commercial 24S 
‘Noy, or whether other constituents, Al-Cu-Mg and 
Mg.Si for example, precipitate simultaneously and 


1 What relative amounts, would be a matter of 


ture, 

\ging of 24S alloy at room temperature is 
mp for all practical purposes after approxi- 
Hately 72 hr., and in this condition the alloy is 


‘esignated as 24S-T. Upon heating 24S-T, the fine 


December, 1912: 
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ig. I2to lf Structure of eelds 

1 24S-T Alelad fter Heat Treat- 
ment. tig. 12 (above) Entire 
weld, magnified 25 diameters; big 
13° (center Junction of 
No. l and 2 of Fig. 
200 diameters; Fig. 14 


Junction of 


sones 
2, magnified 
(bottom, 
No. 3 


right zones 


and 4 of Fig. 2, magnified 


precipitate of CuAl, tends to 


agglomerate into larger and 


fewer particles, with a conse- 
quent loss of strength together 
resistance to 


with reduced 


corrosion. As already men- 


tioned, this is the condition 
present in the Zone No, 2 of 
Fig. 2 which surrounds a spot- 
elimination of 


weld “slug” 


this zone by re-heat treating 


the spot-welded material and 


this agglomerate 


redissolving 


| 
| 
| 
‘ > . | 
| 
| 


: 


should be of advantage. Also, some improvement 
should be noted by homogenization of the material 
through diffusion at heat treatment temperature. 

Structural Changes By actual observation 
the above prediction was verified. It was found 
that the following changes occurred through heat 
treatment of spot-welds in 24S-T material: 

Zone No. 1 is unaffected except for slight dif- 
fusion of copper and possibly other elements into 
the alelad coating, the extent of which is dependent 
(indicated 


upon time at temperature. “Stringers’ 
at ain Fig. 2) redissolved to a great extent. 

Zone No. 2-— The CuAl, agglomerate largely 
redissolved in the solid solution, and sub-micro- 
scopic precipitation later takes place, similar to 
that following the original heat’ treatment. 
“Burned” grain boundaries (incipient fusion) are 
improved by partial re-solution and homogeniza- 
tion, due to diffusion and solution of CuAl,. Thus 
this major zone of weakness in welds has been 
greatly improved by heat treating process. Com- 
pare Fig. 18 with Fig. 4 and 5. 

Zone No. 3 — Clearly defined grain boundaries 
and a partial homogenization of the dendritic 
“coring” has been effected by solution heat treat- 
ment, as shown in the bottom portion of Fig. 14. 
Complete re-solution and homogenization to 
remove the cored condition would require a longer 
time at temperature than that ordinarily given 
24S-T alelad sheet. 

Zone No. 4 The same general changes have 
occurred in Zone No. 4 as listed for Zone No, 3. 
The top portion of Fig. 14 shows traces of the 
previous “cored” condition in Zone 4. 

Corrosion Resistance and Strength — Solution 
and precipitation heat treatment of these spot- 
welds improves metallurgically Zones No, 2, 3, and 
t of Fig. 2. However, it promotes slight diffusion 
of copper from the core into the alelad coating 
without, it is stated, appreciable damage to cor- 
rosion properties. 

Holding time at heat treating temperature 
ordinarily used is insufficient to create a serious 
problem from diffusion. In fact, U. S. Army 
Aircraft regulations permit at least one re-heat 
treatment of 24S-T alelad material. (Slight dis- 
coloration of the surface was observed in the 
spot-welded and heat treated samples.) If carried 
too far, however, it may tend to reduce resistance 
to corrosion. Hence, even if it were found expedi- 
ent to use a relatively long heat treatment (in 
order to further improve mechanical properties of 
the welds through more complete homogeniza- 
tion), such procedure would be limited by con- 
siderations of corrosion resistance. 

Numerous tests revealed an average increase 
of over 35° in the shear strength of welds result- 
ing from heat treatment. Some results are repro- 
duced in the table. 


Improvement in Spot Welds by Heat ' eatment 


AVERAGE 
NUMBER 
MATERIAL SHEAR MAXIMUM 
or TESTS ‘NIM 
Loap 
As welded, 24S-T alclad 
100 1071 1b. | 1254 Ib. 46 1) 
Heat treated, 24S-T alclad 
100 1452 Ib. 1618lb. 1260) 
Gain by heattreating 35.5% 


Modes of Failure of Welds 


Not Heat Treated When spot-weld sp 
mens are subject to “pull tests” tending to prod 
shear in the weld, as indicated in Fig. 15, it sh 
be evident that sheet thickness (stiffness) y 
have much to do with the resulting stresses 
the type of failure produced. Also, the locati 
shape, and size of the slug may be deciding fae! 

It has been determined from examinat 
after failure that spot-welds in 24S-T alelad | 
mainly in three different ways shown in Fig, 16 

1. By “pulling the button” (along dotted li 
X-X, of Fig. 2). 

2. Along dotted line y-r-y, of Fig. 2 (“ps 
out” shear). 

3. Along dotted line y-s-y, of Fig. 2 (“cles 
shear or shear proper). 

“Button” type failures are the most comm 
in thin sheet below 0.040-in. gage. The presence: 
heat-affected “stringers”, at points shown at (a 
Fig. 2, undoubtedly have an internal notch elflec! 
which materially weakens the metal. This cond: 


Fig. 15 — Sketch Showing Ordinary Lap Joint 
Used to Test Strength of Single Spot-Weld 


tion and also the lack of sufficient stiffness ot 
thin sheet to prevent bending under test are 
major factors in this type of failure. 

“Clean shear”, or failure along the plane 
the faying surfaces, occurs more frequently in | 
heavier gages, especially if porosity is presen! 
the central portion of the weld. Small diame’ 
thick spot-welds may also fail in this manner. 

“Pull out” shear is apparently a variation 
“clean shear” failure. Such a failure is charac! 
ized by the pulling out of a small portion of | 
weld proper, as shown at center of Fig. 16 

Heat Treated Welds — Solution and precip" 
tion heat treatment of spot-welds in 245-T 


materially improve conditions existing at (4 
Fig. 2 and in Zone No. 2. Therefore, i)!" 
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he original condition along either 2-x 


y-r-y;, a8 is normally the case, heat 
iment will improve the strength. However, dif- 
ulties caused by distortion of parts during heat- 
«and quenching will limit its general application 
spot-v ided joints. There are distinct possibili- 


’ heat treating individual spot-welds, just 
vio they have been made, by a subsequent flow 
f electric current. 


Fnergy and Heat Conditions in Spot-Welding 


The energy dissipated during the making of a 
weld is given by the expression 


t 
W izrtdt 
0 


where i is the current (variable in magnitude 
when welding is done by a transient discharge of 
stored energy), ris the total resistance from elec- 
rode to electrode, and ¢ is time. 

Present indications, both theoretical and 
xperimental, are that resistance r resides chiefly 
n the surface of contact between the two alumi- 
uum alloy sheets, since the electrical resistivity of 
he metal itself is quite low. The oxide film which 
s present on the surface of aluminum alloy and 
clad sheets is of an insulating nature and pre- 
vents a relatively high resistance, which, when 


resistance 


urrent passes, generates energy for the weld. 
his oxide is omnipresent, for even after prolonged 
(ching of the surface, a thin film re-forms quickly 
n exposure to the atmosphere. 

Since the thermal conductivity of the sheet 
naterial is high, sufficient energy W must be sup- 
lied to overcome the rapid heat losses through 
the sheet and at the electrodes, and still have 
suflicient surplus to fuse the sheets together. It is 
possible to calculate how much energy is needed 
‘o mell a weld slug of given size in a given time, 
ind determine, taking into account various losses, 
What the total energy input will have to be. 

E. G. Keller and C. B. Jordan, both of Lock- 
heed Aircraft Corp., have made some studies in 
which experimental data are compared with calcu- 
lated requirements, and by this process the mag- 
nitude of the single unknown variable (the 
resistance) has been approximately determined, 
his has corroborated the hypothesis that the total 
resistance of aluminum alloys is much in excess of 
that arising from the sheet resistivity alone, hence 
must be attributed chiefly to the surface contact 
resistance. 

\llernating current spot-welds in 24S-T alloy 
produce a structure exhibiting annular rings in 
Zone No. 3 as shown at 12 diameters in Fig. 17. 
“ne theory of their formation and cause is as 
follows : Oscillographic studies® by W. F. Hess 
ind associates at Rensselaer Polytechnic Institute 
‘Mcole that surface contact resistance, while high 


at the outset, has dropped to an extremely low 
value by the end of the first eyele of welding 
current input (timing being taken on the basis 
of equivalent 60-cycle alternating current spot- 
welding). Also “spot-welds” made at Lockheed 
in single thick sheets (0.125 in.), using proper 
machine settings for making two-thickness welds 
of 0.064-in. sheet, showed no weld slug or cast 
area when sectioned, polished and etched. This 
shows that the combination of low body resistance 
and high heat conduction of the 24S alloy single 
sheet leaves insufficient heat to melt the alloy. 

The above two observations indicate that the 
alternating current spot-weld slug joining two 
sheets of 24S-T material must be formed during 
the initial portion of the current input (an average 
alternating current spot-weld in 0.064-in, sheet is 
made with 10 cycles of current) and further cur- 
rent input simply retards the solidification and 
rate of cooling. Each peak of current, after solidi- 
fication begins, interferes with and disturbs the 
columnar grain growth of Zone No. 3 of Fig. 2 by 
allowing the formation of new crystal nuclei at 
the retardation peaks. This forms the annular 
rings in Zone No. 3 shown in Fig. 17, which are 
actually isothermal envelopes. They accurately 
determine the rate of solidification and = grain 
growth in the slug under the existing conditions. 

It is also possible that similar annular rings 


might be caused in direct-current spot-welds by 


big. 16 Mating Surfaces of Spot-Welds, Enlarged 3 
Times, After Pull Tests. Top is “button” type of failure; 
middle is “pull out” type; bottom is “clean shear” 
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Fig. 17 


rent. 


some high frequency mechanical vibration occur- 
ring during welding which could also disturb the 
columnar grain growth. Typical variations in pres- 
sure and current in a welding machine which is of 
the stored energy type are shown in Fig. 18. Elee- 
trode tip temperature measurements were made 
by inserting thermocouples to within |', 


contact surface. 


In welding stainless steel and other ferrous 
alloys the above conditions do not apply, the elec- 


hig. 18 


ing the Variations in Current. Pressure and Tempera- 
ture of klectrode Tips During a Spot-W elding Cycle 
in a Machine of the Condenser Energy Storage Type 


Spat-it eld in 248-T 
Note “annular rings” in outer zone of slug. 


Representative Oscillograph Record Show- 


{lelad Sheet 


in. of the 


Vade With 


thermal conductivity low. Hence, heat is 


f{liernating Cur- 
Magnified 12 diameters 


tact resistance, is relatively constant for 


Electrooe 7ip 
Jernperature 
39600 Amp 
8 Current 9900 Amp. 
2 Amp. | 
g 1860 Lb 


+ structure 


2090 Lb. 


heat 


Bibliography 


1. H. Rohrig and E. Kapernick, 
“Investigation of the Structure of 
Resistance Welds in Light Metals”, 


Z. Metallkunde, Vol. 9, Sept. 1936, 
p. 281. 

2. W. Hess, R. Wyant and B. 
Averback, “Examination of Spot- 


welds in Alclad 24S-T”, Rensselaer 
Polytech. Inst., March 1942. 


3. R. H. Heyer, “Engineering 
Physical Metallurgy”, D. Van Nost- 
rand Co., 1940, p. 69. 

4.G. Sachs and K. R. Van 


Horn, “Practical Metallurgy”, 
Soc. Metals, 1941, p. 31. 

>. J. D. Edwards, F. C. 
and Z. Jeffries, “The 
Industry”, MeGraw-Hill 
1930, p. 138. 

6. “Metals Handbook”, 1939 
Edition, Am. Soc. Metals, p. 1222. 

7. Z. Jeffries and R. S. Archer, 
“The Science of Metals”, 
Hill Book Co., 1924. 

8. Hess, Wyant and Averback, 
“Investigation of the Surface Treat- 
ment of Alclad 24S-T in Prepara- 
tion for Spotwelding”, 1941. 


Frary 
Aluminum 
Book Co., 


MecGraw- 


Vetal Progress; Page 1034 


conditions. 


Am. 


Future Work 


(in the heat 


W. 


Dietze, 


Investigations 


tesistance 
Wrought 
schungsarb. 


metallog., 


Welded 
Aluminum 


M 


Vol. 25, 


obtain, if possible, actual correlation 


treated and ni 


pression, should be undertaken. 


of Natural 
and 


etallkunde 
1937. 


by the entire body of the metal and is no 


| 


ance ris a much more important factor 


i 


ol 


treated condition) with physical test do 


n 


ance, not being so greatly a function of surfac 


lost through conduction, and as a consequence 


alloy, and constant weld quality can be mainta 
by merely controlling the integrated current in 


> 
0 i-ldt. The so-called controllers 


on this principle, but are not applicable | 


\g 


R 
Alloys 


he 


10. F. Keller and R. A. 


“Revealing the Microstri 
24S Alloy’, Metal Progress 
1942, p. 63. 


G. 


S. Mikhalapoy 


Falls, “Structural and Met 
Properties of Condenser |! 


Spot Welds”, 


J. 


April 1942, p. 


Am. Wel 


223. 


with caleulated or measured energy inpul 
A study of the effects 
work, and of hot forging the weld by re 


“Metallurg 


trical resistance of the material being high and | 


eTal 


welding of these materials is much less critical {| 
the welding of aluminum alloys. The total resi 


minum alloy welding where the variable res 


Future work should be so planned as 


yar 
: 
: 
; 
ead 
( 
+a 
Sis. 
in 
vet 
| 
iure 
, 
4 


Rapid 


frequently quite necessary, and while an expert spark tester with 


his grin 


ting of alloy steel bars, semi-finished parts, and even scrap. 


ng wheel is usually able to do the work, rapid differentiation 


of the low chromium engineering steels needs a supplementary test 


Spot Test for Chromium 


THE FOLLOWING METHOD was developed, 
& with the aid of T. R. Henry and R. Knospe 
in the laboratories of Wisconsin Steel Works, 
it the urgent request of our spark tester, who 
has found it very helpful and satisfactory. It 
s designed for the rapid detection of chromium 
n bars, billets, or other solid steel sections, and 
n drillings. It also permits a rough estimate of 
he amount of chromium present in amounts up 
to 1.2%. 

rhe method is based on reactions noted in 
he 1938 edition of Feigl’s “Qualitative Analysis 
With the Aid of Spot Reactions”, and differs 
somewhat from a procedure recommended by 
lhanheiser and Waterkamp. The latter became 
known to us, after we had completed our work, 
through an article in Archiv fiir das Eisen- 
viltenwesen for Sept. 1941. Although more 
solutions are required than would be desired 


tor an “ideal” spot test, the equipment may be 

irried in a small kit and the test can be applied 
inder almost any circumstances. We have not 
ittempted to use it for chromium contents above 
2°), and the lower limit of detection is about 
1.1). Molybdenum below 0.5°¢ does not seem 
lo interfere seriously. We have not had enough 
experience with vanadium steels to state with 
issurance that vanadium does not interfere. 


Special Apparatus Required 


Porcelain spot plates, size 00 (Coors Porce- 
lain Works, Golden, Colo.) 

Set of three reagent bottles with rubber 
‘toppers and dropping pipettes, and two reagent 


»ottles with ground glass stoppers and dropping 


pipettes. One of the latter should preferably 
be of brown glass. 

Stirring rods made of 3-mm. glass rod, 
about 2'. in. long, with ends cut off square and 
lightly ground. 


Clean cloth or paper towels, 


Procedure 


Solid Steel Surfaces 


scale-free surface by grinding or filing. Place a 


Prepare a clean, 


drop of dissolving acid (solution No. 2) on the 
clean surface and allow to stand for about 30 
sec., or until violent action ceases. (Do not 
allow the reaction to continue until the acid is 
all spent and the drop becomes mushy or dry, 
The timing should be developed so that the 
sample is taken from the drop at about the same 
stage of reaction for each test.) When the vio- 
lent reaction in the acid drop has about ceased, 
touch the flat end of a 3-mm. stirring rod to the 
steel surface under the drop of acid. Remove 
the stirring rod and transfer the solution which 
adheres to it to a drop of sodium hypobromite 
solution (solution No. 1) in one of the depres- 
sions of a spot plate. Mix thoroughly with the 
stirring rod until the flocculent brown precip- 
itate is evenly distributed in the drop. Add one 
drop of the sulphuric acid solution No. 3, and 


By ( ). Philbrook 


Nesearc! (chen Ss! 


Wisconsit Sk el Yorks. International Harvester ( 
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stir until the brown precipitate has dissolved. 
Add one drop of the phenol solution No. 4, stir 
slightly, and add one drop of indicator solution 
No. 5. A faint reddish color will appear if 
residual chromium is present. The color deep- 
ens, With increasing chromium content, through 
pink to a deep violet color for chromium con- 
tents of about 1°¢. (Color may be compared 
with that developed in drops from steels of 
known chromium content; after sufficient 
experience, it will be possible to identify low, 
medium, and high chromium contents without 
the use of comparison standards.) Manganese, 
copper, nickel, and molybdenum in normal 
amounts do not interfere. 

Drillings — Place one or two small drillings 
in the depression of a spot plate. Add one drop 
of dissolving acid. When violent action ceases, 
remove a small drop with a glass rod and pro- 
ceed exactly as directed in the section above 
for solid samples. 

Solutions — The spot test may be applied 
equally well to steel solutions. The solutions to 
be tested must all contain close to the same 
weight of steel in a given volume. About 500 
mg. of steel per 100 ml. of solution is satisfac- 
tory. The steel may be dissolved in sulphuric, 
hydrochloric or nitric acid, but all iron must be 
oxidized by boiling with nitric acid before the 
spot test is made. Then touch the end of a 
3-mm. glass rod lightly and carefully to the sur- 
face of the solution, so that it just breaks the 
surface, but does not penetrate to an appreciable 
depth. The technique of obtaining this small 
sample must be uniform from test to test. 
Transfer the solution adhering to the rod to a 
drop of sodium hypobromite in the spot plate, 
and proceed with the test as described for solid 


steel surfaces. 
Solutions Required 


Solution No. 1: Sodium hypobromite solu- 
tion. 400 ml. water, 20 g. sodium hydroxide 
(NaOH), 2.5 ml. bromine (Br.). Caution: Han- 
dle liquid bromine only under a well ventilated 
hood. Avoid any contact of bromine with body 
tissues. Wear rubber gloves in making up this 
solution. 

Solution No. 2: Dissolving solution. 250 ml. 
water, 200 ml. concentrated nitric acid (HNO), 
50 ml. 85°. phosphoric acid (H,PO,). Note: This 
same solution is used for the nickel spot test. 

Solution No. 3: Sulphuric acid (1-5), 25 ml. 
water, 5 ml. concentrated H.SO,. 


Solution No. 4: Phenol solution. 


phe 
(carbolic acid) crystals (CgH;OH), 56 »)) acet 
acid (CH,;,COOH). Store in glas: topper, 


dropping bottle. 

Solution No. 5: Diphenyl carbo 
cator solution. Dissolve 0.100 g. of diphen 
carbazide, |(CgH;NHNH).CO}] in 5 mi. of goo 
acid (CH;COOH) and dilute to 50 ml. with ey 
alcohol (C.H;,OH). Store in an amber elas. 
tle. Replace the solution if it becomes stro) ‘ 


colored. 
Notes and Precautions 


In any chemical analysis, the final wy 
volume, or color intensity used to estimate 4) 


quantity of the element in question, depen 


Spot Test Equipment Set Out For Laboratory 
Use, With Four Flasks of Solutions to Bi 
Tested. Small case for carrying reagents in rear 


upon the weight of the element in the samp! 
If colors are to be compared directly to obta 

concentrations, then the weights of sample usec 
must be the same. 

This general statement is equally tru 
this spot test. The intensity of color dev loped 
depends upon the actual weight of chrom 
in the small “sample” droplet, even though t's 
weight is exceedingly small. For reproduci)! 
results, the weight of steel in the sample drop'«' 
must be very nearly the same from test to te 
This weight, in turn, depends upon the conce! 
tration of steel dissolved in the drop of ace 
and upon the volume of the actual “sample 
removed from this drop. It may be seen, ther 
fore, that the time that the acid is allowed | 
react with the steel and the technique of s# 
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n the acid drop must be carefully 
sandardized to obtain good results. 

It inot be expected that the same color 
ill be obtained for different methods of sam- 


pling 


olis ich as sampling from solid surfaces, 


sampling from drillings, and sampling from 


<olutio even though the steel has the same 
chromium content. There are bound to be minor 
jifferences in concentration of steel in the acid 
drop. | omparison standards, or a mental chart 


of color intensities, must be based upon experi- 
epce with the actual sampling method used, and 
4 must be maintained uniformly. 

The acid dissolving solution will oxidize 
most of the iron to the ferric condition as it dis- 
solves, during the earlier part of the reaction. 
As the acid becomes spent, ferric iron is reduced 
hack to the ferrous condition by the steel. All 
of the iron must be fully oxidized before chro- 
mium can be oxidized by the hypobromite solu- 
tion. If the ferrous iron concentration is too 
high, there may not be sufficient hypobromite 
io do the work, and the test will give a false 
ndication. It is important, therefore, to sample 
from the acid drop before the reaction with the 
steel has gone too far. A reddish-brown floc 
should be formed almost immediately when the 
sample is added to the sodium hypobromite 
drop. If an extremely heavy precipitate forms, 
with dark green clots which break up with diffi- 
‘ulty, it is necessary to start the test over with 
i fresh spot of acid, and to change the technique 
if sampling to avoid such occurrences. 

When a number of tests are to be run con- 
secutively, it is convenient to prepare in advance 
by adding a drop of sodium hypobromite solu- 
lion to each depression in the spot plate. The 
wid drops may then be placed on each piece of 
steel in succession. Sampling and transfer of a 
droplet from each piece is then followed 
through in the same order for each consecutive 
piece. The timing, between placing the drops 
ft acid on the steel pieces, should be about the 
same as the time for removing the samples and 
stirring into the hypobromite drop. Be sure to 
wipe the sampling rod well on a clean towel 
vefore each sampling, or use a clean rod for 
each test. 

\fter the sample has been transferred to 
the spot plate, the timing for subsequent manip- 
lations is not critical. A few seconds should 
ve allowed for complete reaction by the hypo- 
bromite. After the addition of 1-5 sulphuric 
icid, the precipitate should dissolve completely 
velore any further addition is made. A faint 
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yellow color should be present in the drop 
before the phenol is added, otherwise insuffi- 
cient excess hypobromite was present, and the 
test should be discarded and started over. The 
formation of a white cloud or floc after the 
addition of the phenol does not destroy the 
utility of the test, although it may alter the color 
intensity to some extent and make the estimate 
a little less accurate. 

The color develops immediately, upon addi- 
tion of the indicator. Estimations should be 
made shortly after the color has been developed, 
because there is a gradual increase in low colors 
or fading of deep colors, and a general change 
in hue upon standing. 

Reagents must be added in the order 
directed. The test has been so designed that 
single drops of the reagents will accomplish the 
desired result. However, if an extra drop of 
sodium hypobromite or of 1-5 sulphuric acid 
should be necessary, or inadvertently added, a 
single drop of phenol and of indicator should 
still suflice. Additional drops of phenol or of 
indicator should cause no trouble. It must be 
remembered in either case, however, that the 
volume of liquid in the spot plate is then greater 
than normal, so the color intensity will appear 
a little lower than usual for the chromium con- 
tent present. 

By sampling from solutions, as described in 
the last paragraph under “Procedure”, the test 
can be conveniently combined with other identi- 
fication tests for nickel, molybdenum, manga- 
nese, or a combination. Sampling must be done 
after oxidation of the steel solution by nitric 
acid, but before the addition of other reagents. 

Sodium hypobromite solution No. 1 grad- 
ually deteriorates and should be replaced every 
two weeks or so. Replace the indicator solution 
once a month, i) 


Spot Testing in the Mill. Carrying case has reagents 
for rapid identification of Cr, Ni, Mn and § 
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A Metallurgical Detail 


Pressure Vessel, 12 Ft. Diameter, Under Con- to Carry the Loads, Stainless Steel Lining to Resist 
SRI ea struction for Chemical Plant; Carbon Steel Shell Corrosion. Photo courtesy A. O. Smith Corp, 


= 


Lead Being Stockpiled 


Leap is practically unique among metals 
today for it is the one important metal in 


bearing metals for industrial production are 
lead alloys; army cantonments and equipment 


” which a shortage does not exist at the present must be protected with lead-pigment paints. 
a ‘ime. However, it is impossible to predict what High-octane gasoline for aircraft and tanks con- 


future demands may be, so control must be 
maintained to assure an adequate supply for 
any unforeseen requirements. Every effort must 
be made to keep mine production at peak levels. 
Our use of lead for all purposes has increased 
enormously — from 633,000 tons in 1936 to over 
a million tons in 1941, and we are still using it 
in very large quantities. 

Recovery of secondary lead, a source which 


tains a lead derivative, tetra-ethyl lead. 

A normal peacetime year would see many 
of the same products made, though their end 
products would be devoted to civilian, rather 
than military, purposes. The batteries would 
go into automobiles, the cable into telephone 
systems, the paint on houses, the tetra-ethyl into 
gas for autos. A normal year would break 


down something like this: 


yielded 380,000 tons in 1941, must be expected to Storage batteries 300% 
decrease as the war progresses. The 1942 sup- White lead 8 
ply from this source will be only about 90% of Red lead 8 
‘ ing 1 
M1, the 1943 supply only about 75% of 1941. Buildings I 
Automobile batteries were the main contributor 
= lo the scrap pile, but under present circum- Foil 3 
mem siances metal from this source is constantly Solder 3 
Miscellaneous 16 


declining, and new metal must be provided in 


the future to replace that which is not recovered Several recent developments have contrib- 
a from scrap. uted to the maintenance of a supply of lead 

| Use of lead in warfare has come a long way equal to essential demands. The world situation 
eee (om the musket balls of the pioneers. While is an important factor. 

See (ie most important tonnages are still used in The United States long has been the world’s 
small arms ammunition, a burden on our lead largest producer (19° of the total in 1938; 23% 
supply undreamed of in former days results of the total in 1939); Australia is second with 
from the needs of mechanized war, two-ocean 15%; Mexico produces 13°; Germany plus 

navies, and instantaneous communication. A Austria, 110; Canada, 10%. In the early days 

% submarine needs 250,000 Ib. of lead for storage of the war, shipments of lead from America 

Mee Datteries alone, and another 200,000 Ib. for and Australia to Europe were severely curtailed, 
é ballast. This is as much lead as is used in the and much of this metal came into the United 

# storage batteries in 8200 automobiles. A signal States. For example, in 1938 we received no 

ma ps radio, so important in long-range com- refined lead from Mexico, (Continued on p. 1124) 

- munication, cannot be made without over 100 

lb. of lead. The pontoon bridge essential to 

: mobile war needs 82 Ib. of lead. Even a motor- By Erwin Vogelsang 

cycle needs 9 lb. The hundreds of thousands of Check Tia & Branch 


motorized units and aircraft use lead batteries; 
electric cable is sh -athed in lead; solder and 


War Pr ductic m ard 
Washington, D. C 
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On this problem three viewpoints have recently been strongly expressed: The 
Truman Committee believes the steel industry has fumbled the development. The 
Bureau of Mines believes that its experiments presage success. The Steel Industry 
is skeptical because it has already spent fruitless millions on direct reduction 


Is Direct [ron (Sponge Iron) 


a Substitute for Melting Stock? 


pieitae | TRUMAN and Classification of Processes and Their Potentialities 
a his investigating com- 
b mittee have taken trouble By R. 5S. Dean 
“ to accumulate information Assistant Director, U. S. Bureau of Mines 
ay a on the direct reduction of 
‘ iron ore without going he RECENT PUBLIC DISCUSSION of sponge iron processes and thei 
a = through any melting stage, possible place in the national economy has led to a degree o! 
ener and, probably as a result of confusion regarding the processes and the status of their developmen! 
their report to Congress and 
f the impression that a serap Iron From Pure Ores 


substitute could be secured 
in this way from many iron 
ore deposits not now being 
worked, and by means less 
costly in time and money 
than by the construction of 
more blast furnaces, a bill 


To begin with, we should distinguish three classes of sponge in 
First is iron which is produced from substantially pure iron oxid 
the form of mill scale, magnetic concentrates, or exceptionally pur 
ore, by the use of sulphur-free reducing material such as charcos 
gas or specially selected petroleum coke. Sponge iron of this cha 
acter has long been an article of commerce and has been produced 


was passed early in July for many years in Sweden. The Plastic Metals Co. of Johnstown, I’ 
4 appropriating $600,000 to has been producing such sponge iron from mill scale and petroleun 
£ ares the U. S. Bureau of Mines coke for approximately 18 months. The proposal of the Republi 
i‘ ie ue to further its investigations Steel Corp., which has been approved by the War Production Board 
ieee of the process. The Editor to produce 100 tons per day of sponge iron by the gaseous reductio! 

has written to R. S. Dean, of magnetic concentrates belongs in this category, 

assistant director of the These processes, on account of their special requirements of of 


Bureau, for a_ publishable 


tee and reducing agent, can only produce relatively small tonnages © 
statement of his view of the 


: material for quality uses, such as powder metallurgy and melting 
process and of the Bureau’s s 


Bed stock for electric furnace steel. The Swedish product was tormem) 
j plans. In return he sends 


the adjoining “brief state- 
ment prepared for the 
information of another Gov- 
ernment agency”. It states 


imported into this country almost exclusively for use as melting stock 
for electric furnaces. The Henry Disston Co., of Philadelphia, at oh 
time used 50% Swedish sponge in their steels for saws, even thous 
this material sold at that time for $42.50 per ton as compared W'" 


clearly the pro of this cur- approximately $18.00 per ton for good, heavy melting scrap. ‘1's °“ 
. rent debate. understanding that the Republic Steel Corp. plans to produce spe! 
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4) for use as electric furnace melting stock; 
lure will not, therefore, be a general 


pr 
jytion of the problem of producing sponge 
oy as » substitute for scrap in openhearth, or 
a means of increasing the capacity of blast 


furnaces by charging sponge iron in place of 
part of the ore and coke. The machinery pro- 
posed b Republic Steel differs from that which 
has been successfully used in Sweden or by the 
Plastic Metals Co., and we have seen no records 
of pilot plant experiments indicating that the 
problems of equipment and heat transfer, which 
re involved in the process, have been solved.' 


Impure Ores Reduced in Kilns 


rhe production of sponge iron from the 
wide variety of iron ores which are available in 
his country by means of reducing material, 
vhich is also available in quantity, is possible 
yy several methods which have been demon- 
strated on at least a pilot plant scale in this 
ountry or abroad. The problem is to select 
he processes Which can be carried out with a 
jinimum of critical materials and which will 
se readily available reducing agents. 

With the special exception of those areas in 
iis country which possess large resources of 
atural gas, the only widely applicable processes 
vhich can be carried out without new equip- 
ient made from critical materials are those 
recesses Which utilize rotary kilns. Such kilns 
re available from the cement and lime industry 
{ the country, an industry which is not operat- 
ig at capacity. Furthermore, if more kilns are 
) be built, they require a minimum of new and 
ritical material in the form of carbon steel. 

Rotary kiln processes for the production of 
‘sponge iron may be divided into two classes. 
rirst are those which are carried on below the 
‘emperature at which either the iron or the slag 
ells or agglomerates, and in which the reduced 
ron is separated from the gangue after cooling 
‘ magnetic means. The reduced iron may be 
pressed into briquettes for charging into the 
openhearth. Its purity will depend upon the 
ttimacy with which the gangue is mixed with 

NOTES: 
‘An adaptation of the Herreshoff roasting furnace 


t used, a multi-deck furnace very successful for 
‘sting sulphide ores. Prior to the last war experi- 
ents re made in the West with similar roasting 


charged with mixtures of iron oxide and 
al, with the idea of making sponge iron for precipi- 


nang per from leach waters, but the experiments 

tailed 

— ier because the required temperatures were 
n for the furnace, or because of air infiltration. 
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the iron oxide in the ore and on the sulphur 
content of the reducing agent. If it is impossible 
to obtain a sufficiently favorable combination 
of these factors to produce an acceptable mate- 
rial by magnetic separation alone, the briquettes 
which are prepared from the magnetic fraction 
must be heated to a temperature where the 
impurities form a slag with the unreduced iron 
oxide; this slag is squeezed from the mass to 
form a product entirely similar to a wrought 
iron bloom. By this means a high grade melt- 
ing stock can be formed from sponge iron made 
from widely available ores and ordinary coal 
or coke breeze. This type of sponge iron process 
has been worked out by the Bureau of Mines 
over a period of years... The proper design of 
rotary kiln for the most efficient reduction of 
iron ore by solid fuel was described in Bureau 
of Mines Bulletin No. 270 by C. E. Williams, 
E. P. Barrett and B. M. Larsen, published in 
1927. The procedure of removing the remain- 
ing impurities from such sponge iron by heating 
and squeezing was worked out by the Bureau 
of Mines in cooperation with the Reading Iron 
Co. in 1934. The conclusions of the Bureau with 
regard to kiln design have been confirmed by 
the Plastic Metals Co. at Johnstown, Pa. 

The second type of sponge iron which can 
be made in a rotary kiln is the so-called Krupp 
iron.” In this process, the temperature of the 
iron after reduction is carried much higher than 
in the process just described. Furthermore, the 
constituents of the charge are so adjusted that 
a sticky slag is formed and the reduced iron is 
rolled up into the form of nodules or small 
blooms. This process produces pure iron from 
low grade ores, using ordinary coal or coke for 
a reducing agent. This process has been very 
thoroughly demonstrated in Germany and 


*A 27-ft. rotary kiln designed along the lines 
developed by the Bureau of Mines was operated con- 
tinuously for 6 months or more in 1923 by Tintic 
Milling Co. of Silver City, Utah. It produced 2% tons 
daily of sponge iron concentrate for precipitating lead 
and silver from chloride leaches. Charge was fine 
hematite and coal, fuel was oil, 97% of the iron oxide 
was reduced. 

As described by Hans Diergarten (letter to Metal 
Progress, May 1935) this mixes the fine, low grade 
Salzgitter ores with one-third their weight of coal dust, 
and passes them through a long, rotating kiln of 10 
ton per day capacity. Counter current gases dry and 
preheat the mixture in the upper part; the middle part 
is externally heated to 1200 to 1900° F, wherein reduc- 
tion of ore to iron occurs; the discharge end is further 
heated by internal flame to a temperature where an 
iron-lime-silicate slag melts, and within which the 
iron accumulates in semi-porous nodules. Final treat- 
ment is crushing and mechanical separation. 
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Japan, and complete technical descriptions of it 
are available in the German literature published 
before the war, and in a number of recent docu- 
ments which have been picked up by the censor. 
Both of these processes are ready to go; and, 
while there are a number of other schemes 
which will no doubt produce sponge iron, it is 
difficult to conceive of processes which are 
simpler and for which equipment and materials 
are more readily available. 

In the special case where natural gas con- 
stitutes a plentiful and cheap reducing agent, 
high purity sponge iron can be made from any 
ore capable of rigorous concentration before or 
after reduction. The process of reduction with 
natural gas was fully demonstrated by the 
Bureau of Mines and reported in Bureau of 
Mines Bulletin No. 396, “Sponge Iron Experi- 
ments at Mococo”’, published in 1936.4 More 
recently, the Madaras Steel Co. of Longview, 
Texas, has erected a plant for reducing high 
purity sponge iron by natural gas. The Bureau 
of Mines has arranged to carry through experi- 
ments at the Madaras plant in order to confirm 
its previous work and to determine whether 
the mechanical arrangements will permit the 
use of less critical materials in plant construc- 
tion. (The Bureau has not recommended the 
commercial utilization of the type of equipment 
developed in its experiments at Mococo because 
of the large amount of critical materials 
involved in building the plant.) 


Bureau’s Experimental Program 


The current experimental program of the 
Bureau of Mines intends to demonstrate both of 
the rotary kiln processes described above, using 
a large number of ores and a wide variety of 
fuels so that conditions for production in vari- 
ous parts of the country can be established. 
The Bureau is currently producing from seven 
to ten tons per day of sponge iron at its Boulder 
City pilot plant, using a rotary kiln which had 
been constructed for the reduction of chromite 
concentrates. The ores which are being reduced 
at the Boulder City pilot plant are from the 
deposits available to the Henry Kaiser Co. for 
use at the Fontana, Cal., steel plant. Fine ore 


Eprror’s Noves: 

‘Abstracted in Metal Progress, June 1938, page 583, 
and July 1938, page 64. The kinetics of the reduction 
of magnetite with hydrogen have also been studied and 
results presented at the Cleveland Meeting (October 
1942) of the A.LM.E. Technical Publication No. 
1509 by M. C. Udy and C. H. Lorig. 


from the Provo plant of the Columb). Stee , 
is also being reduced to sponge iron «| Boulg, 
City. The further treatment of the producy ¢,, 
the preparation of high grade meltin. stock 
being carried out on a sufficiently larve scale 
that its practicability can be definitely assert, 
The program of the Bureau also eneoy 
passed, besides the work at the Madaras Sto, 
Co., mentioned above, the erection of a pjj 
plant at Laramie, Wyo., in which these rota 
kiln processes for sponge iron could be demo; 
strated on a commercial scale of 50 to 100 ton. 
of iron per day. At the date of writing, eo; 
struction on this plant is stopped by the orde 
of the War Production Board, but it is regard 
as vitally important to make large scale tests 
the rotary kiln processes in the near future. 
There remains to be mentioned the possi! 
ity of producing a relatively low grade spony 
iron which could be charged into the blast fu. 
nace with a great increase in capacity of su 
furnace. Such a product can be convenien| 
made in brick kiln equipment, much of which \s 
now idle. Under extraordinary circumstances, 
where pure ore and low sulphur fuel we 
available, the product of this type of operation 
might also be charged to the openhearth. This 
process and product are quite similar to that 
produced in Sweden. The Bureau of Mines 's 
actively cooperating with several brick com- 
panies looking toward the revamping of thei 
plants so as to produce sponge iron of this kind 
Our conclusion then is that processes exist 
for the production of sponge iron from ayailabi 
materials and in available equipment. Detailed 
engineering features for large scale productio! 
need to be worked out; but we feel that a mu- 
mum of time and effort should be spent o! 
sponge iron processes requiring new and speci: 
equipment and specially purified fuels excep! 
where, as in the case of the Republic Stee 
project, the purpose is to produce relative! 
small amounts of a high grade product. 


‘On Oct. 22 it was announced that “a co! 
of individuals with bread, practical, and te 
experience is being established by H. G. Batch 
chief of the Iron and Steel Branch, W.P.B. It wil 
sider ways and means to cope with the shortag 
scrap, and advise him on the practicability 
vidual sponge iron projects which have ! 
mitted to W.P.B.”. On Nov. 13, Mr. Batcheller 
to the Editor: “A plant is now being considered ! 
the Bureau of Mines at Laramie, Wyo. At this exp 
mental plant we hope they will be able to solve s 
of the difficulties which are inherent in most 
processes submitted for the production of sponse ! 
setae and will justify us in further considerall 
sponge iron development.” 


een 
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(he Sponge Iron Process in the Production of Steel 


By Advisory Committee on Metals ra Minerals 


on BY THe EpitTor: 
4 fe days after the Con- 
appropriated funds 
the Bureau of Mines’ inves- 
ition, the Advisory Commit- 
i) WPB on Metals and 


Minerals (an official group of 
he National Aeademy of Sei- 
nees and the National Research 
uneil) submitted a requested 
port on the sponge tron proc- 
ss as it would affect the pro- 
ition of steel. This report is 
rinted in full on the following 
ies, and is quite unfavorable. 


therefore presents the oppo- 


ite side of the picture painted 


Dr. Dean’s memorandum, 
Perhaps a word of explana- 
n is necessary to harmonize 
is strong report with the later 
ithorization by WPB of a 
(0,000 sponge iron plant to 
built by Republic Steel Corp. 
H. A. Brassert, well known 
nsulling engineer for the iron 
d steel industries, and spon- 
for the Brassert-Cape low 
iperature direct reduction 
cess to be 


publie Steel 


installed by 
Corp., sent to 
Progress a detailed 
unt of the 


Unfortunately the 


methods and 
lipment, 
sor asked that these details 
concealed. It may be said, 
er, that 

S justified by a pecul- 


Republie’s 


bination of cireum- 
a/ Fine concentrates 
phosphorus magnetite 
b)a 


us of coke oven gas suit- 


exceptional purity, 


rapid reduction of nine- 
hs the oxide, (c) an acute 
of desirable melting 
electric furnaces, and 
rie melting under oxi- 
nditions, so that 10° 
d iron in the charge is 


hionable 


Clyde Williams, Chairman 


THE MopERN steel making process has gradually evolved 
* from an ineflicient, small scale operation, utilizing tiny 
units, to a highly efficient one utilizing large units almost com- 
pletely mechanized. The leading position of the United States in 
the steel industry is due to the possession of easily assembled, 
high grade raw materials and large scale, highly developed plants, 
The modern integrated steel operation is largely one of materials 
handling. The mining and transportation of iron ore, coal and 
fluxes, coking the coal in by-product ovens, smelting the ore with 
coke and limestone in blast furnaces, converting the resulting pig 
iron into steel in the bessemer, or in the openhearth when supple- 
mented with scrap, and fabricating the resulting steel ingots in 
the shapes of commerce — all are done on a huge scale, mostly 
by machinery, the majority of the labor being employed either in 


operating the machine or keeping it in repair. 
America Favors Large Production Units 


Small unit operations have therefore given way to large ones, 
those that utilize materials as well as labor inefliciently have been 
replaced, and at the same time the quality and uniformity of the 
have been greatly increased by the development of 
Thus, the steel industry 


product 
scientific knowledge and operating skills. 
in this country is highly developed both mechanically and tech- 
nically, in which aspects its growth has been as noteworthy as it 
has in respect to size. 

This nation’s steel industry, both in size and in technical 
development, is the peer of them all. It has taken up useful 
innovations avidly and subjected them to the customary, large 
scale mechanical development. Examples are the modern blast 
furnace, which operates with practically no attention and pro- 
duces 1000 or more tons of iron per day for five vears without 
a shut-down for repairs; the evolution of the electric furnace from 
its small beginning of 350 vears ago to the present highly effective 
device which will produce 100 tons of the highest quality alloy 
steel in a few hours; and finally the continuous rolling mills which 
have replaced the old, laborious hand mills and made possible the 
huge production rates that are so essential today. 

The natural evolution of the steel process in this country was 
toward the openhearth process which can handle large amounts 
of steel and iron scrap. Normally, the metallic charge consists 
of about half pig iron and half scrap. More or less than these 
amounts, in large variations, may be used; in fact, all-secrap or 
all-pig iron charges may be used, although it is customary to 
convert some of the pig iron to steel in the bessemer converter if 
insuflicient scrap is available. Hence, more pig iron is used in 
times of scrap shortage —- that is, in times of high-rate production 


and more scrap is used when scrap is plentiful. 
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Thus it is that the steel industry’s use of 


scrap varies. Today, in order to reach the 
present large production rates, neither scrap 


nor pig iron has been available in sufficient 
amounts, and new blast furnace capacity to 
produce pig iron has been built and more is 
under construction.” Pig iron is ideal for con- 


version to steel. It may be carried molten to 
the converter and blown to bessemer steel for 
the 


openhearth furnace in place of scrap. Pig iron 


commercial use, or to a form for use in 


may also be used in higher proportions in the 
openhearth if additional iron ore of high purity 


is also charged. 


{frican Natives Make Direct Tron in This Manner 


Sponge lron Proposed as Scrap Substitute 


so-called iron 


the 


process have suggested that to supply the deti- 


Proponents of sponge 
ciency in scrap, plants be built to make sponge 
iron rather than pig iron, and claim that sponge 
iron can be made more cheaply than pig iron, 
and will serve as a substitute for scrap. 
Sponge iron is made by converting finely 
iron ore to the metallic form without 
It is a 


divided 
melting the ore or the reduced product. 
sponge-like form of metallic iron, intimately 
mixed or combined with such impurities, orig- 
inally present in the ore, as silica, alumina, 


sulphur and phosphorus. Numerous processes 


Eprrorn’s Noves: 
"Details of the blast furnace program were given 
Velal Proaress, July 1942, 


in “Critical Points” in page 


83. 


have been developed, but in all of C1 
iron ore is heated to below the fusi 
ture out of contact with air, and s) jee, 
reducing conditions that serve to 


oxygen from the iron. In some processes 


verized coal is mixed with the ore: thers 
gas (often hydrogen) is passed thro: thy 
Sponge iron is not new. In fa 7c, 
form of reduction process was apparent} 
first method used by primitive man to red 


iron from its ores, and was a forerunner of 


modern blast furnace. Interest in th proc 


in its numerous variations and ils my 
modifications, has persisted until the pres 
time. The blast furnace process 


500 vears has been gradually develo 

as the primary method for getting 

from its ores. 
The first 


to make sponge iron was about 100 


recorded definite att 


ago. Since then, hundreds of met 
have been devised and millions of do 
spent in attempting to develop a com 
has been int 


cial Interest 


in this country during the past 30 vy 


process. 


and numerous large corporations 


made serious although unsuccess! 
attempts to make the process prac! 
In spite of this century of effort, 
process has gained no headway in 
country and practically none throug 
the world. At Héganes, Sweden, a | 
ess Was pul in operation in 1909 and 
operated more or less continuously s 
then, producing a few thousand 
vearly. this 
United States for special purposes. In Gern 
which lacks coking coal for blast furnaces, 


process has been exhaustively studied, | 


Some of has been used in 


gained no important advancement up to 
war. One plant of small capacity is said to 
operating at Bochum, but such an operation 
not be said to be economic, or an examptl 


the United States to follow, since here we ! 


an abundance of coking coal cheaply availa}! 


to every steel producing region.’ 

Possibly also should be included men! 
plant built in 1927 in the north end of the 
islands for the reduction of iron beach sand 
coked coal (pulverized) was mixed with the 
rabbled on a flat hearth while being heated |! 
to about 2000° F. by radiant tubes. Produc! 
centrated magnetically, briquetted, and melt 
tric furnaces, as described by Kotaro Honda 
to Metal Progress, August 1931, page 89. 
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form in the 14th century, and over so) 
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sponge Ys. Pig Iron 


Whereas the modern steel making process 
| to large units, the sponge iron process 
ist be used in small units. A single blast fur- 
example, produces 1000 to 1200 tons of 

day and employs relatively few men 
» both blast furnace and coke oven operation, 
hile the sponge iron furnaces now under con- 
Jderation are expected to make only 10 to 20, 


d certainly not more than 50 tons a day, and 
would have to employ many times as many men 
yer ton of output. These units are not adapted 
i) automatic operation or to large-scale feeding 
of raw materials or handling of the product. 
fhe blast furnace has been gradually 
nereased in size and improved mechanically 
for several hundred years. In recent years, 
idvancement in saving of labor and fuel and in 
mprovement of the product has been particu- 
larly marked. As a result, the blast furnace 
ind its auxiliary coke oven plants are models 
{ smooth-running, efficient perfection. The 
sponge iron process, on the other hand, is still 
indergoing experimental development. Hence, 
{ 1s impossible to compare these processes on 
icost basis. In view of the fact that nearly the 
utire cost of pig iron production 
s represented by the cost of the 
iw materials and the handling of 
nalerials to and from the furnace, 
me is not justified in assuming that 
ie operating or the plant costs will 
¢ less for the sponge iron than the 
last furnace process. On the con- 
rary, engineering organizations 
\perienced in the design and con- 
‘ruction of iron steel plants 
clieve that both plant and operat- 
¢ costs will be higher for the 
sponge iron process than the present 
History of American 


ll. A. Brassert estimates that the 

|-Cape process to be installed by 

Steel Corp. at Youngstown can 

1000 tons of melting stock in a 

ent costing $2,500,000, not includ- 

- ! of gas producers, ore storage or 

disposal. Undoubtedly this is 

istic figure, for the War Produc- 

rd has approved the financing 

'-ton plant by Republic Steel 

the tune of $450,000. The Edi- 

cliably informed that 1000-ton 

laces (without coke ovens or 

are being built at from 

) to $4,500,000, complete with 
dern improvements. 


Page 


enterprise has shown that large unit operations 
are cheaper to build and to operate per unit of 
output than small unit operations. Hence, one 
would expect the cost of the sponge iron plant 
and its overall requirement of construction 
materials would be greater per ton of output 
than would a blast furnace plant. 

If these cost considerations are neglected 
and experimental work ultimately results in a 
sponge iron process workable on a large scale, 
the product could be used to supplement our 
scrap supply. Even so, unless the sponge iron 
were made from ores of exceptionally high 
purity, the removal of the impurities in’ the 
steel making operation would increase the con- 
sumption of strategic materials, labor, fuel, 
refractories, fluxes and ferromanganese enough 
to make its use decidedly inadvisable. Ores of 
such high quality are already prized in the pres- 
ent steel making practice. To take them from 
their present highly strategic use and put them 
into a product of unproven value would be 
unwise ata time when every possible pound of 
steel production is needed. Even if some of the 
high grade ores were diverted to this use, they 
would still make a sponge iron product contain- 
ing 6 to S&S‘ of these impurities and hence 


{mericans Make Pig lron With Machinery 
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having the above-mentioned disadvantages to 
such a degree as to make this use unwise from 
the points of view of consumption of critical 
materials and loss of production. 

Moreover, the localities where cheap gas, 
suitable for reduction of ore to sponge, is avail- 
able are distant from the high purity ores, with 
the result that long, expensive freight hauls 
would be necessary. In Texas, where cheap, 
natural gas is said to be available, the ores are 
noted for their high content of impurities. The 
silica and alumina are high enough to result in 
a sponge iron so contaminated as to make the 
use of it in steel melting furnaces extraordi- 
narily costly in rate of output, labor, fuel, fluxes, 
refractories and ferromanganese. Furthermore, 
the new steel plant operating in Houston, Texas, 
is building a modern blast furnace which is 
expected to be ready to operate in six months 
whereupon it will supply this plant with its 
needs. This blast furnace operation will use a 
poorer grade of ore than is used by any other 
plant in the United States; coking coal comes 
from nearby Oklahoma. 


Commercial Considerations 


1. The sponge iron process is not new, 
Having been available, basically, since before 
the adoption of the blast furnace and the open- 
hearth refining or steel making furnace, and 
having been before the iron and steel industry 
in its present form for over 50 years, the fact 
that this small scale method has not been 
adopted is evidence of its inferiority compared 
to present large scale processes. 

2. One primary reason for the inferiority 
of the sponge iron process is that it Is not 
adapted to such large size units as are the pres- 
ent commercial processes. Also, the necessary 
automatic devices for handling materials, so 
highly developed and eflicient in the present 
process, are not developed for sponge iron, and 
are not likely to be developed until after many 
vears of operation. Hence, much more labor to 
do a given piece of work will be required. 

3. The iron blast furnace and coke oven 
not only handle tremendous tonnages of ore, 
flux, and coke and use a remarkably small 
amount of labor, but they require practically 
no repairs over long periods. For example, a 
blast furnace will run five or more years with- 
out being shut down for repairs. The sponge 
iron furnace, however, has not been proved to 
have these advantages because it has never been 
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operated for a long, continuous 
experimental results, however, one 


istif 
in assuming that furnace repairs wil! |, 
frequent and costly in materials, 
supervision. 

1. Sponge iron would represent a poor 
stitute for scrap as it is inferior ma 
respects, a few of which are: 

(a) Sponge iron is finely divided 1) 


in nature and hence, is more readily « lized 
the openhearth furnace. Briquetting to over, 

the fineness of division creates an additions! o) 

tion requiring more labor, materials and eq 
ment. Even the briquetted or highly ec mpress 
product is still more readily oxidized than s 

resulting in loss of iron in the slag and the p 
for more processing in the steel furnace. Ty 
would reduce furnace output and require » 
labor, more fuel and more ferromanganese 
strategic reducing agents. 

(b) Sponge iron, even when made from 
purest iron ores available and when reduced 
hydrogen, contains more impurities, like s 
alumina, sulphur and phosphorus, than st 
scrap. This requires the use of additional lal 
fuel, fluxes, refractories and ferro-alloys 
results in a lower output per furnace. [ 
pure enough to warrant the use of sponge iy 
the steel furnace are not available, for there is 
insuflicient supply for the present needs 


established steel industry. To take such ores 
from the present uses would drastically inter! 

with production, now geared to the highest | 

And even if this were done, the above disadvantaz 
would exist, although to a lesser degree. 

c) The less pure ores that might be ay 
able for the sponge iron process would produ 
product high in slag-making constituents requil 
excessive use of fluxes, refractories, fuel, labor 
ferro-alloys, which would make its use decided 
unwise in present steel melting operations 
build additional melting facilities for this mars 
product would be more uneconomic than to b 
new conventional blast furnace and openheart! 
bessemer plants for reasons stated under | 
graph 4-b above. 

d) Unfortunately, the requirements for ls 


amounts of cheap gas and pure ores cannot | 
in any one locality. To make use of the ls 
amount of natural gas available in Texas, only 
very impure Texas ores could be used. ‘To con 
the product into steel or a steel serap, 
equipment would have to be built. The total! 
rials of construction, time for putting int 
tion, and labor required for such a developn 
would doubtless be greater than for the 
tional process. This is especially true if Vv! 
the light that the sponge iron process is sti! 
mental and many months of trial operation 
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d before a plant of commercial size could 
if lesigned and built. 
if coal instead of gas is used as a reduc- 


still more slag-making impurities such 
alumina and sulphur are introduced, 


ing the sponge iron less suited than ever for 
ve n to steel. Moreover, coking coals are so 
n ind well distributed in the United States 
that the advantage claimed for the sponge iron 


that it can use non-coking coals does 
hold. Even in Texas the blast furnace being 
huilt in Houston, to make pig iron from Texas iron 
i! use coke made from nearby Oklahoma 
coals. 
f) These observations are true for electric 
melting furnaces as well as for fuel fired open- 
hearths. The electric furnace is better adapted to 
melting sponge iron than the openhearth because 
its atmosphere Is not so oxidizing. Being a more 
expensive melting unit and requiring electrical 
equipment and other strategie parts as well as 
electric energy, such a use should not be considered. 

Whereas sponge iron, as outlined in 
Paragraph 4, is less satisfactory than steel scrap 
as a melting stock for steel production, scrap is 
less satisfactory than pig iron. Numerous facts 
ittest to this. 

a) The steel industry pays more for pig iron 
than serap. 

hb) The use of pig iron speeds up the steel 
making process: It may be added in molten form 
to the openhearth; it may be converted rapidly to 
steel in the bessemer; it makes possible the use of 
iron ore in the openhearth, thus providing steel 
direct from ore by a simple means less expensive 
than by way of sponge iron, 

ec) It is cheaper to handle pig iron, whether 
solid or molten, than serap. 

d) The claim often made that sponge iron, 
being low in carbon content, is purer and better 
than pig iron, is contrary to the facts. The slag 
making impurities in sponge iron are costly to 
handle and the low earbon content is no asset. 
he silicon and carbon contained in pig iron enter 
into the steel making reactions and enable large 
amounts of iron ore to be used in the charge. For 
e\ample, by using 50,000,000 tons of pig iron in 
the openhearth charge, about 4,000,000 tons of 
idditional iron may be obtained from direct reduc- 
lon of iron ore in the charge. This in itself repre- 
sents an important method for direct reduction of 
‘ron ore, far more efficient and practical than the 
sponge tron method. 

). From the viewpoint of efficient use of 


raw materials also, pig iron is superior to 


sponge iron. The by-product coke oven and the 
blast furnace both make use of all the raw 
malerials going into them. They produce much 


needed by-products. In addition to the coke 
oven by-products so essential in our chemical 
industry, the by-product gas is used in the steel 
plant for melting and for reheating steel for 
rolling. The “waste” gas from the blast furnace 
is utilized in making power, melting steel, and 
in other places requiring fuel. The integrated 
steel plant needs more gas than it makes as 
by-product and, hence, wastes none of it. 

7. Because no accurate detailed estimates 
of the cost of commercial sponge iron plants 
have been made, one is not justified in compar- 
ing plant costs of the sponge iron process with 
the conventional blast furnace process. How- 
ever, the blast furnace has the expected theo- 
retical advantage of lower cost and lower 
over-all requirement of construction materials 


because of its larger scale of operation. 


Competent Personnel Lacking 


8. Re-examination of the sponge iron proc- 
ess from these angles shows definitely that the 
process, which has never been operated satis- 
factorily on a large scale in this country, pre- 
sents no advantages that would warrant its 
development at this time. The Government 
would not be justified in putting money and 
energy into its development as a war measure. 
Devotion of time of the nation’s production 
personnel to further attempts to commercialize 
this process would be wasteful. During the 
emergency those energies should be devoted to 
vetting the most production of steel products 
possible by present established methods. 

0. The steel making process as practiced in 
this country is so highly mechanized and effi 
cient and carried on in such large units that the 
adoption of the small unit, sponge iron process, 
not possessing mechanical handling equipment 
and not readily adapted to use it, would be a 
step backward in our efficient utilization of 
labor and materials. 

10. The undertaking of a program to pro- 
duce sponge iron to supplement the supply of 
iron and steel scrap is inadvisable because even 
though sponge iron would serve as a poor sub- 
stitute for scrap, it would do so at the expense 
of labor, furnace capacity, fuel and other essen- 
tial raw materials. The net result would be a 
loss rather than a gain in over-all production. 

11. If, as a result of a scrap shortage, open- 
hearth furnaces became idle, then the steel 
plants would use sponge iron, if it were avail- 
able, despite its disadvantages. (Cont.on p.1128) 
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(Metallurgicus’ Own Page) 


Temperature Conversions 


Mr. easy method of converting 
Fahrenheit temperatures into closely approxi- 
mate Centigrade equivalents, and vice versa, 
(Vetal Progress for September, page 393) brings 
notes about an accurate method from Ordnance 
Inspector JoserpH G. KoosmMan and Openhearth 
Metallurgist Frank G. Norris (thereby winning 
for them an @& book of their choice). Some 
brains are required, but the minimum. One 
must remember that the Fahrenheit degree is 
5 9 of the Centigrade, and conversely that the 
Centigrade degree is 9.5 of the Fahrenheit. (If 
one disremembers this, it can be computed from 
the interval between freezing and boiling water, 
100° C. and 180° F.) To eliminate the confusing 
32°, freezing point on the Fahrenheit scale, the 
procedure in either direction is 

1. Add 40 to the temperature 

2. Convert 

3. Subtract 40 for the accurate answer. 

Some examples: 


Centigrade temperature 60° 1600° C, 
Add 40 100 0 1640 
Multiply by 9/5 180 0 2952 
Subtract 40 

(Fahrenheit temp.) 140° F. 10° F. 2912° F. 
Fahrenheit temperature 140° F. 10° F. 1600° F. 
Add 40 180 0 1640 
Multiply by 5/9 100 0 911.1 
Subtract 40 

(Centigrade temp.) 60° 0° 


Case With Controlled Carbon 


We HAVE Usep methods and heat treatments 
somewhat similar to the one outlined in the 
paragraph of the above title in “Bits and Pieces” 
in the July issue, wherein the piece is carbu- 
rized, plated, diffused above Ac,, oil quenched, 
supercooled in dry ice, and tempered. We find 


that if the carbon in the case is approximate 
cutectoid, very little, if any, austenite is retained 
after oil quenching. Drv ice and alcohol! trea: 
ment will therefore not increase the hardness 
There are good indications that, other details 
of the heat treatment being the same, thy 
amount of retained austenite in an oil quenched 
piece is in proportion to the amount of carbo 
in excess of eutectoid. 

We use the dry ice only when the carbo 
content of the case is high, as frequently occurs 
when we use a restricted gas flow in the car 
burizing furnace (thus attempting to produ 
directly a low carbon case!). We copper plat 
the part and use the diffusion treatment why 
the case is designedly hyper-eutectoid. (1. A 
Usner, Chief Metallurgist, John Inglis Co., Ltd 


Memory Aids for Welders 


Ir TAKES A LONG TIME for a student welde 


to fix in mind the difference between “straigh! 
polarity” and “reverse polarity”. (Probably Uv 
electrochemical student has the same troubl 
‘anode” and “cathode”.) The usual tabi 


WorK ELECTRODI 


with 


Straight polarity 

Reverse polarity 
is easy to mix up. Let the student, howeve! 
fix his mind on the electrode only; if tt is neg 
tive (—) the connections are for straight polar- 
itv. The mnemonic aid is the connec! 
between straight welding rod, straight s! 
negative pole and straight polarity. 

A good way to check the polarity 0! 
connections to a direct current welding ma 
is to take an electrode with organic coals, 
known to be a reverse polarity electrode, 4! 
strike an are. If there is a loud hiss, hig’ 
ter, and little penetration, then straight p 


| Tit 
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sepH V. Kiecs, Welding Engineer, 
Radiator Division, General Motors 


frouble Shooting for Soft Spots 


Fon SEVERAL YEARS a local firm has been 
maki iolding dies for plastics by hobbing 
iow carbon steel blanks, pack carburizing, water 
quenching from the box, tempering in an oil 
hath, substantially as recommended by Disston 


DesmMonpD in Metal Progress last April. In 
mid-July this past summer, trouble was encoun- 
ered in hardening, the hardened case having 
softspots. Examination of carburized and pack 
eooled pieces showed a case of non-uniform 
depth, abnormal structure, and mixed grain 
size, vel no change had been made in material 
or processing. 

Drving the carburizer compound overnight 
in an oven at 225° F. completely eliminated the 
trouble. Apparently, the bagged compound had 
idsorbed enough moisture from the air to inter- 
fere with subsequent carburizing operations. 
his difliculty had never arisen before, but this 
past summer in this locality 
was unusually humid. Appar- 
ently, there is a maximum 
humidity (or time of expo- 
sure to the humidity) which 


2‘. manganese are drastically quenched to room 


temperature and held for some time before tem- 
pering. In such steels the stresses develop after, 
as well as during, the quenching operation. 
Severe cracking will result when these stresses 
are allowed to release themselves in cold metal. 
Tempering immediately after quenching will 
minimize the stress concentration and prevent 
damage. However, if the pieces being treated 
are large enough, the quench may be timed so 
that there is suflicient heat left in the center of 
the piece to bring the surface to a temperature 
above 300° F. This procedure will help to pre- 
vent the formation of destructive stresses, 
(N. C. Fick, Metallurgical Research Division, 
Gary Works, Carnegie-Illinois Steel Corp.) 


Tightening Large Bolts in Place 


lr iS COMMON PRACTICE, in important 
machine assemblies, to tighten bolts and _ set 
screws a definite amount by the use of ratchet 
wrenches or other devices that go out of action 
when the computed torsional strain has been 
imposed. In Westinghouse steam turbine con- 
struction it is desired to 
avoid these torsional strains 
in large bolts, so they are 
heated a correct amount, set 


up snug, and the desired 


resulted in excessive adsorp- 
tion of water by the particu- 
lar carburizing compound 
used. All new compound 
purchased is now being 
lransferred to containers 
with tight fitting covers. (D. 
J. Mack, Asst. Prof. of Chem- 
ical Engineering, University 


of Tennessee.) 


Temper Without Delay 


TIME INTERVAL be- 
‘ween hardening and temper- 
ig is of utmost importance 

the heat treating of all 

the alloy steels, as well as 

the medium and high carbon : 

(plain carbon) steels. For 

‘Xample, cracking will take 
place if the medium carbon : 


Ste containing about 


stress imposed as the hot 
bolt cools. 

In practice, the nut is 
tightened on the cold bolt 
until it is snug. With the nut 
snug, the 110-volt electric 
heater shown in the photo- 
graph is inserted in the hole 
down the axis of the bolt 
and the current turned on. 
In about 15 min. 3-in. 
diameter bolt is elongated 
enough for the nut to be 
given a pre-determined 
amount of turn <A’ special 
micrometer is used to check 
the stress by measuring the 
stretch of the bolt; the per- 
missible tolerance on the 
measured lengthening is 

10° to (Ernest F. 
Musser, Turbine Engineer, 
Steam Division, Westing- 
house Electric & Mfg. Co.) 
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In Selecting Substitute Steels 
Watch for *“Toughness”” 


THe presenr of the Jominy test is 
warranted as a means of selecting steels to sub- 
stitute for others of long and satisfactory use 
but not now available. Minor variations in the 
hardenability curve may be puzzling vet of little 
importance; consequently the use of a “harden- 
ability index” is warranted. How this works is 
as follows: Suppose the part is to have a sur- 
face hardness of C-35 in use. Add ten numbers 
to this (giving C-15 as the quench hardness nec- 
essary) and measure the distance from the end 
of the Jominy test where hardness is C-15. Sup- 
pose it to be 10:16 in. Then the “hardenabilits 
index for C-45" is that distance, measured in 
sixteenths of an inch. In symbols 

10 
All steels having hardness of C-15 10 16 in. 
from the quenched end in the Jominy test are 
then possible substitutes, each to each. 

A word of warning is necessary. Harden- 
ability tests tell nothing about the “toughness” 
of the new steel when tempered so that the 
hardness has been let down ten numbers on the 
Rockwell © seale. Granted that “toughness” 
means different things to different men, never- 
theless it is one quality that resides in the 
familiar S.A.F. allow steels that have been long 
used for more severe duty than could be per- 
formed by the plain carbon steels. In general, 
one would expect, due to the poverty of the NE 
stecls in total alloy, that their “toughness” at 
equally high working hardness might be defi- 
client. TL is a good idea to watch for any tend- 
ency toward quench cracking, the first sign of 
trouble in this respect. B. KNowron, 
Assistant Chief Metallurgist, Tractor Works, 
International Harvester Co.) 


Carburizing Moly High Speed Tools 


Or GENERAL INTEREST may be our experience 
in counteracting “soft surfaces” on hardened 
molybdenum high speed steel tools which have 
no grinding allowance. We believed that super- 
ficial carburizing would correct such conditions. 
We also hold that the commercial molybdenum 
high speeds contain less available carbide than 
the steels. 

Unfortunately, if too much carbon is added 
lo the surface of a tool, the high carbon aus- 
tenite formed at the high heat does not trans- 
form in the quench, and may even be largely 


added, as can be noted from the sketc! 


three vears and has never been in 


present after a double draw at 105) 
means a file-hard surface but a oy kw 
C-scale reading. The procedur: ref 
becomes rather ticklish, even with {| 
control which gas carburizing allows 


When we occasionally find work 


skin, our present practice is to carl by 
0.02 in. deep in 1 hr. at 1700° F. in a | 1) 
carburizer, then reharden, using a t erat 
25° FF. lower than the original high heat oy, 

ing temperature, followed by the us di 
We find this procedure more certain res 


than pack annealing in cast iron chips. | 
Trai, John Bertram & Sons Co.) 


Trouble-Free Mounting Press 


PREVIOUSLY We were using a small livdre 
press for mounting metallographic samples 
bakelite. This press, being somewhat a 
quated and always in need of washers and | 
tings, we converted from a hydraulic to ay 
pressure unit. The plant air line has a press 
of 90 Ib. so we bought a suitable air evlin 
from the Hanna Engineering Co. (Chicago) 


| 
& BLA | 
NOAL 


Ra, fA a “A 
Cvuinner 
"7 
A 
\ 
~y 
regulated it with a Ross Four-Way Opera! 


Valve (Detroit). Other simple refinem: 


set-up has given us excellent service fol 


repairs. (IL. M. SHannon, Research Depa 
Phelps Dodge Copper Products Corp.) 
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“Check 


iydrogen embrittled spots, known variously as * 


and “tears” along tensile test pieces are ordinarily indications of 
‘snow-flakes”, “white spots”. or 


«iver streaks”. Flakes in forgings, shatter cracks in rail heads, and “pin- 


holes” near the surface of steel castings, are other manifestations of hydrogen 


Defects In Cast and Wrought Steel 


Caused by Hydrogen 


IN A PREVIOUS ARTICLE On “‘Fish-Eyes’ in 

Steel Welds” in August Melal Progress, 

the behavior of hydrogen in steel was described 

simply as an “aging” phenomenon, differing 

mly from well-known aging systems in that the 

wecipitate here is a gas. Slip planes cannot be 

‘keved” with a gas; consequently, the aging of 

iwdrogen-iron solutions leads to a loss in duc- 

lity with no corresponding increase in strength. 

that phenomenon is a manifestation of hydro- 
wnembrittlement. 

ln that article, a good deal of consideration 

was paid the shiny areas known as “fish-eyes” 

i fractured welds because they represent com- 

vercially recognized instances of hydrogen 

ging, or embrittlement. It should be clearly 

inderstood, however, that the embrittling 

iechanism discussed for the fish-eve applies 

qually to all other defects based upon embrit- 

lement from hydrogen. Even with electroplate, 

‘he conception of brittleness from hydride for- 

livdrogen embrittlement” in this discussion 

ers only to brittleness from elemental hydrogen, 

is transerystalline. Hydrogen reaction products 

se intergranular embrittlement, as in “copper sick- 

SS hydrogen attack of the metal in hydrogena- 

bers. To speak of “hydrogen embrittlement” 

is in reality a misnomer, since oxygen is as 

v as hydrogen. In any event, elemental hydro 

plied throughout this discussion unless other- 


ed, 
trations will be numbered consecutively, for 
st reference when the entire series of articles 1s 


December, 1942: 


mation (or any chemical compound of hydro- 
gen) is a fallacy and should be forgotten.' 

Visible discontinuities in the metal, such as 
blowholes or inclusions, are of incidental impor- 
tance, since they serve to localize the hydro- 
gen in a given section and thereby to confer 
upon the fracture across that section the char- 
acteristics that have led to the numerous nomen- 
clature of fish-eves, snow-flakes, silver streaks, 
white spots, rosettes, and so on. Otherwise there 
is no interdependency of embrittlement and 
those macro-discontinuities. Steel without 
detectable porosity, when containing enough 
hydrogen, may suffer general embrittlement, as 
pictured in Fig. 2 and 3 in the former article 
page 203 of the August issue. 

In Fig. 10° is an illustration of the harmful 
effect hydrogen may have on sound steel, In 
this experiment duplicate specimens of sheet 
were annealed 30 min. at 1750° F., one in hydro- 
gen and one in air. After rapid cooling, and 
cleaning by sand blasting, each sheet was 
reduced 50° by cold rolling. The hydrogen- 
treated sheet tore badly along the edges, because 
the slip planes in that specimen were congested 


and immobilized by the precipitated gas. Inter- 


By Carl A Zapfle 
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esting proof, incidentally, for the conception of 
the behavior of this gas in mosaic disjunctions 
stands in the two small samples shown in the 
lower portion of Fig. 10, representing clippings 
from the two sheets deep etched with hydro- 
chloric acid, Distention and intercommunica- 
tion of the slip plane disjunctions caused by the 
hydrogen was so pronounced in the one sample 
that corrosive liquids were enabled to penetrate 
that metal to enhance greatly the etching action. 

In other manners this destruction of the 
slip mechanism manifests itself. “Checks” or 
“tears” frequently develop along the sides of 
tensile specimens, particularly of weld metal or 
cast metal. A popular explanation is that a 
subcutaneous inclusion, which is invariably 
present, has caused a peculiar concentration of 
stress during testing, but this explanation is 
almost eerie. Certainly the more reasonable 
answer for most cases is that the inclusion has 
acted as a seat for hydrogen to form a zone of 
embrittlement reaches the surface, for 
complete fracture invariably discloses the white 
hydrogen fracture, and preliminary annealing 
usually prevents tearing — obviously without 
removing the inclusion, 

In Fig. 11 (a) is a normal tensile specimen 
showing “tears”, and in Fig. 11 (b) alongside 
is the specimen from Fig. 6 (page 2014, August 
issue) showing the same kind of marking devel- 
oped on the thin stripe of hydrogen-embrittled 
metal artificially pro- 
duced by electrolysis. 
Fitted end to end in both 
Fig. 11 (a) and (b) are 
the complementing sec- 
tions of each test piece, 
the top one photographed 
after deep-etching. In 
Fig. 11 (a) of the natural 
weld specimen, note how 
the entire zone around 
the longitudinal line of 
inclusions has dissolved 
before the surrounding 
normal unembrittled 
metal has scarcely col- 
ored; likewise the snow- 
flakes now look like the 
eve sockets in a skull. 


The artificially embrittled specim. , jy 
11 (b) contains even more remarkab! 
tion, for the etching was not done w ully 
vear after electrolysis had made th — 
strip brittle, and the test piece had bec, | rokey 


In that time the embrittlement had certain) 
disappeared, for room temperature agip 

requires much less time than one year for i 
small a hydrogenated region or section. Thys 
we may assume that the distention of the slij 
plane structure is fairly permanent at roop 
temperature and remains even after the embrit. 
tling quantities of hydrogen are gone. Only hy 
annealing would normalcy be regained. Fur- 
thermore, we may probably presume. that 
although the hydrogen mechanism carries many 
similarities to cold deformation, one important 
difference is that the mosaic blocks are shifted 
and rotated into keying positions by cold work, 
but are only partially separated and _ then 
“frozen” by embrittling quantities of hydrog 

forming a sort of local matrix of highly com- 
pressed gas. As a result, after the distending 
force is reduced by removing a critical quantity 
of hydrogen, the mosaic structure may retain 
some inflation without noticeably affecting the 
strength or ductility, for the blocks are not vet 
rotated and keyed. Delicate extensometri: 
tests would probably show an uncommon initial 
increase in density when plastically deforming 
such material. That embrittlement is coeval 
with a marked decrease 
in density is well known. 


Shatter Cracks 


Of major economic 
importance is another 
defect whose basis also 


is hydrogen embrittle- 


hig. 10 { Plain Steel Sheet 
Was Cut in Two; One Half An- 
nealed in Air and the Other Half 
{nnealed in Hydrogen. Lhe first 
withstood cold rolling and sub- 
sequent deep etching; the se ond s 
edges cracked on cold rolling a 
developed mosaic markings 
deep etching. Rolled sheets abe. 
two-thirds natural size; pic 


diameters 


samples below at 2 
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ment, namely the 
flake or shatter crack 
in steel forgings —a 
defect which is still 
with us and a peren- 
nial subject of debate. 
The specimens just 
described offer a sim- 
ple clarification of 
flakes and shatter 
cracks. In them the 
fissure across the 
embrittled zone was 
caused by an imposed 
stress, such as cold 
deformation from 
tensile or impact test- 
ing. In larger sections 
and particularly in alloy steels having impor- 
int volume changes from transformations or 
recipitations occurring in or near the elastic 
inge-— internal readjustments may pre- 
‘ited having suflicient force to rupture embrit- 
ed zones when they are unable to move 
lastically because of hydrogen. In such cases, 


ict] 


the same phenomenon occurs as a “tear 


ision test piece, but it occurs internally. 


nal String of Inclusions Around 
Which Gathered Embrittling Hy- 
drogen. Lower part, and lower 
fracture showing “fish-eves”. are 
in natural condition; upper part 
of test piece, and upper frac- 
ture, have been deeply etched 


Fig. 11 (a) Test Piece Cut The metal surrounding the embrittled zone 


From a Heavy Slab of Weld moves plastically to accommodate the stress, 
Metal Containing a Longitudi- but within the hydrogenated zone the metal 


can accede to that enforced shifting only by 
rupture, 

In Fig. 12 are shown sections of rail 
steel (which is especially liable to “shatter 
cracking”) fractured longitudinally through 
one of the inclusions that invariably seat, or 
locate, the embrittlement. A “feathery” 
fracture is shown in Fig. 12 (a), wherein the 
reflecting surfaces of the hydrogen-embrittled 
metal do not show to advantage against the metal 
embrittled by the high carbon content (0.70). 


Fig. 11 (b) Test Piece Which 
Had Been Artificially Embrittled 
flong Narrow Strips Made Ca- 
thodic During Electrolysis (the 
Rest of the Specimen Being Pro- 
tected). Note three fractures start- 
ing in lower portion. l pper half 
was etched a vear later; the micro- 
structure of the hydrogenated por- 
tion remains disorganized and 
dissolves readily, even though 
embrittlement has long vanished 


At (b) are correspond- 
ingspecimensfractured 
after normalizing, 
whereby normal metal 
is made fibrous and the 
coarsely crystalline 
fracture of hydrogen- 
embrittled region sur- 
rounding the inclusion 
becomes pronounced. 
The micrographs, Fig. 
13 (a) and (b), taken 
at the inclusion seating 
the embrittlement, 
show transcrystal- 
line crack running per- 
pendicularly. 

When the steel is 
infested with them, a 


horizontal section 
through a rail head 
may give good registration of shatter cracks. 
In Fig. 14 is such a specimen, rolled from a por- 
tion of a heat of steel that had been “blown” 
with hydrogen gas while molten in the ladle, 
kindly loaned by Prof. R. E. Cramer of the 
University of Illinois. Figure 15 is another 
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Fig. 12 Vacrographs of Fractured Rail 
Heads. At left is “feathery” fracture in rail 
as rolled; at center is similar defect after 


specimen of a heavy rail; after rolling it was 
sound, but it then was annealed in hydrogen for 
7 hr. at 2000° F. Masses of shatter cracks 
occurred and of such a range of sizes that the 
largest succeeded in nearly splitting the speci- 
men in two pieces. 

The photograph in Fig. 16 shows that speci- 
men about double size after subsequent nor- 
malizing and breaking with a hammer. The 
blackened area represents the pre-existent sur- 
face of the crack which oxidized during nor- 
malizing. Immediately surrounding is the 
characteristic sheen of hydrogen-embrittled 
metal, and only at the very surface of the rail 
has suflicient hydrogen been lost to permit a 
gray, fibrous fracture. 

Transverse fis- 
sures in rail have 
caused fatal and 
expensive wrecks, 
since the internal fis- 
sures form nuclei for 
fatigue failure under 
the incessant pound- 
ing of the car wheels 
and can grow to dan- 
gerous size before 
anv surface indica- 
tion appears. In Fig. 
15 and 16a transverse 
fissure has actually 


rail was normalized to refine grain of sur- 
rounding unaffected metal; at right is frac- 
tured rail steel having no embrittled zones 


stresses alone, because the embrittlement fr 


hydrogen was so severe. There was no duct 


metal throughout the section to support 


necessary shifting. Defects of that deg 


re 


readily detected; the occasional small flay 


the threatening one because it grows undetected 


Hydrogen in Cast Steel 


In passing, some other hydrogen-caused 


defects might be mentioned to show the 


ra 


of this deleterious element. Steel castings hav 


their share of hydrogen troubles. Just 


gas precipitates in the solid state to congest 


intra-lattice planes, so will tend to 


us 


iu 


been developed from Fig. 13 Vicros, Unetched and Etched (200 <), of Shatter Crack in Rail >! 
internal thermal It Is Transerystalline and Perpendicular to Inclusion Seating the Embritt 
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visible porosity when leaving the 
ron matrix during solidification. 
fhat tendeney is strong, as may be 
oled in the steep solubility curve 
vw hydrogen in liquid steel and the 
ronounced isothermal change at 
he solidification temperature (Fig. 
_ page 202, Metal Progress, August 
012). The “white spot”, mentioned 
v foundrymen, often with a shiny 
terior denoting the presence of a 
educing gas like hydrogen, is the 
velders’ “fish-eve”, and results from 
vdrogen-containing bubbles form- 
ig While the metal is still in’ the 


hig. Shatter Cracks in 
Rail Head (Longitudinal Sec- 
tion, Full Size) Made From 
Steel That Had Been Blown 
With Hydrogen While Molten. 


Photo courtesy R. Ek. Cramer 


hig. 15 (Below Originally 
Sound Rail Head Filled 
With Shatter Cracks (and in 
Fact Split Across) Which 
Formed t pon Cooling From 
an Anneal in Hydrogen 


iushy stage. 

lf dendrites form rapidly 
nough to suppress the bubble formation, hydro- 
en will behave much as any other impurity 
luring cooling and will diffuse to interdendritic 
vsitions to cause voids and perhaps embrittle- 
lent. Figure 17 on page 1056 shows a macro- 
vection (full size) through a low alloy steel 
isting having pronounced interdendritic voids. 


The melt had been split. The first half was cast 
normally and showed mild dendritic structure 
without porosity; the remaining metal was 
saturated with hydrogen and resulted in marked 
dendrites and voids, as shown. The fact that 
all impurities, including hydrogen, diffuse uni- 
versally to interdendritic positions has caused 


Fig. 16 Fracture of Fig. 15 (Enlarged to Double Size), Broken After Normalizing. Blackened 
area represents original crack surface oxidized during normalizing. Note bright surrounding 


metal, embrittled by hydrogen, and thin skin of ductile steel from which hydrogen has been lost 
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some investigators to confuse the cause of flakes, 
for example, with the various other elements 


sometimes found segregated there. 


Mechanism of Pin-Hole Formation 


During casting, a subcutaneous type of por- 
osity called “pin-holes” may also develop from 
hydrogen. In this case, the action definitely 
involves initiation of the holes by another gas 
which is apparently water vapor. Hydrogen 
is a strong deoxidizer and must maintain an 
equilibrium with oxygen in the steel, much as 
do other better known deoxidizers. Contact 
with the moisture in sand molds, and possibly 
with organic matter in coated molds, will release 
nascent hydrogen at the surface of the casting, 
which diffuses into the steel with a facility many 
times greater than any of the other elements 
released at the same time. The balance between 
hydrogen and oxygen is thereby upset within 
the solidifying skin and insoluble water vapor 
is formed. The solubility for all the components 
is so much less in the solid than in the liquid 
iron that bubbles form at the solid-liquid inter- 
face as an excretion from the solidifying wall. 


> 


SA 

hig. 17 — Macrostructure of Nickel Steel Casting 
Showing Interdendritic Porosity Caused by Hy- 
drogen Introduced to the Melt Just Before Casting 


Once the bubble is formed by the reaction 
product, an internal surface is developed which 
both provides a surface for precipitation of dis- 
solved gases, and demands that they precipitate 
to an extent that will furnish an extra-lattice 
partial pressure conforming to the residual 
solution. The bubble propagates in this manner 
and grows along the cooling gradient, perpen- 
dicular to the wall in most cases, until the 


solidifving dendrites overtake the 
enclose it. The mechanism js_ jj! 
Fig. 18. 

The reasons for selecting this 
do not warrant repeating here, but 
salient considerations, for example, e fa 
that heavily killed steels do not c& D | 


hig. 18 — Proposed LAYER 
Mechanism for the Formation of “ Pin-Holes” 


Vear the Surface of Steel Cast in Sand Molds 


holes and yet are often less ductile. Presuma! 
the absence of free oxygen in such steels pr 
vents bubble formation, and the absence 
bubbles requires hydrogen later to precipitat 
within the lattice, causing embrittlement 

A second consideration is the follow 
Hydrogen is certainly necessary for this p 
ticular type of pin-hole porosity, vet saturating 
the liquid steel with hydrogen does not lead 
pin-holes, presumably because the satura! 
treatment is a deoxidizing treatment. We belies: 
that hydrogen in itself does not cause steel ! 
crack and is not a likely cause in itself of p 
holes. In the one case an imposed stress 
necessary, and in the other a gas-producins 
reaction with another element seems necessal) 

A gaseous product, of course, is mucl) mo! 
insoluble than its components. One mus! 
forget that the solubility of hydrogen ts 


function of pressure, as well as temperatur 


consequently, in forming a bubble, hyd 
would develop the pressure necessary | 
ing most of the gas back into solution 
liquid adjoining. 

This relationship gives a good ace 
the ubiquitous supersaturation of hyd! 
steel. In the absence of a “boil”, for ex7™| 
about the only way the hydrogen can « 
by diffusing out of the surface. 
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(ritieal Points 
By the Editor 


lo PrrrspurGH, to a meeting of the Elec- 
tric Metal Makers Guild, Inc., a ten-year 


melters exclu- 


old group of some 150 melters 
ively -and found their problems to be those 
ommon to other branches of the industry, 
mely, men and raw materials. As outlined 
by Haney Warner, president of the Guild, 
hese problems are all the more acute because 
of the recent large expansion of capacity. Ton- 
we of steel ingots alone is expanded approxi- 
mately three-fold; 645 million tons of aircraft 
quality alloy steel ingots are expected in 1943, 
plus as much more as will be possible to squeeze 
oul by such expedients as can be arranged after 
in interchange of information about practices 
in the most eflicient shops. 
....A supply of good help 
(labor) must be made, for 
it obviously is not to be 
found. Henny told 
me something of the inten- 


Melters and 
melting stock 
needed for 
electric steel 


sive training for up-grading, given in the elec- 
tric melt-shop to likely and willing men already 
in Bethlehem’s employ. The Guild itself is hop- 
ing lo organize a specialized course for furnace 
helpers which can be repeated in various steel 
centers....Allocation of proper raw material 
lor electric furnace charges is being given close 
itlention by the War Production Board. Since 
the electric furnace is primarily a melter of 
selected scrap (being a_ relatively ineflicient 
refiner for removing carbon, phosphorus and 
silicon) the necessary millions of tons of plate 
clippings and low phosphorus structural scrap 
(do not exist. Even now it is sometimes neces- 
sury to ship crop ends long distances, from roll- 
ing mills serving openhearths, to hungry electric 
steel plants. The future will undoubtedly extend 
the use of the openhearth as a_ preliminary 
refiner of low grade scrap, serving the electric 
‘urnace with hot metal. Also the steel foundry’s 
iriplex process has great possibilities: Melt 
scrap in cupolas, take out much of the sulphur 
With caustic soda in the ladle, blow out carbon 
ind silicon in a bessemer, dephosphorize in a 
mixcr, and finally refine and alloy the hot metal 


in the electric furnace. It is also known that 
Republic Steel's interesting project to make 
direct iron by hydrogen reduction of magnetite 
concentrates is exclusively to provide desirable 
melting stock for making electric steel. 


Orr THE MAIN LINE to Peoria, for the first 
time, to visit Caterpillar Tractor Co., spread out 
during the last 25 vears over the Illinois prairie 
into a vast factory for tractors, road machinery, 
and diesel engines, and now making tractors, 
tank transmissions and gun mounts. Running 
through the dozens of interesting operations 
exhibited by Gien Riecer, chief metallurgist, 
the numerous uses of induction heat for harden- 

ing appear and reappear, and 
Versatile foreshadow the importance of 
induction this process to peacetime indus- 
hardening try of tomorrow. Caterpillar 
was the first to install “Tocco’s” 
process for continuous hardening of evlindrical 
parts; that was in 1938. Now 11 complete units 
are seattered throughout the production lines, 
mostly on pins and shafts, but even for spot 
hardening rocker arms and small accessories. 
Also a Budd internal induction hardener (with 
cam control as complicated as the drum on an 
antique music box) for the bore of evlinder 


liners of alloy cast iron. And the largest 
machine vet built, for final drive gears over 
2 ft. in diameter.....Since pins are surface 


hardened, one after another, by pushing them 
end to end through ring-shaped inductors, plans 
are under way for hardening and tempering the 
original bars the same way in mill lengths, prior 
to machining... ..Impressed with the conclusion 
that induction hardening is not alone valuable 
as a speedy operation, but even greater econ- 
omies come from using lower alloys in surface- 
hardened parts, replacing higher alloy steels 
either carburized or fully hardened. This cer- 
tainly is an especially valuable feature in recent 
months when alloy has been scarce or unob- 
tainable. For instance, heavy shafts and draw 
bar pins for Caterpillar’s tractors, formerly of 
S.A.E, 2545, are now made of plain carbon steel, 
induction hardened. Small shafts and acces- 
sories, formerly of carburized 2520, are now of 
1040, induction hardened, and push rods of the 
same carbon steel instead of X-3140. 


ALL THESE CHANGES are very recent; quick 
and confident modifications of this sort are pos- 
sible only because the Caterpillar engineering 


staff has 25 vears’ experience in appraising steel 


December, 1942: Page 1057 


| 
| 
| | 
iT | 
| 
| 
| 
| 4 
| 
ia 
| 
| 
| 
| 
| 
| | 
| 


by its maximum capabilities in use rather than 
by its chemical composition. How it works is 
this: A heat of steel ordered to Caterpillar 
specifications is rolled to bloom or billet, and 
samples from first and last ingot are expressed 
to Peoria for acceptance test. Complete investi- 
gation for chemistry, cleanliness, segregation, 
soundness, surface, hardenability, normality, 
tensile properties, notch-bar toughness — is 
completed in less than 48 hr. and “go-ahead” or 
“divert” signal given the steel mill within the 

lime normally required for 


Purchase pit-cooling a high grade billet, 
properties and so this routine does not 
rather than delay the steel mill. Fifteen 
chemistry vears ago, one out of three 


heats of difficult: alloy’ steel 
like S.ALE. 2315 might be refused, for it would 
have given serious trouble in fabrication or use 
of tractor parts; steel refining practice has so 
improved that now one bad out of ten good 
heats might be expected only when a new analy- 
sis or furnace practice is being perfected, In 
1911 the grand average was 3% of heats 
diverted.. ... Naturally individual machine parts 
have certain properties which are of paramount 
importance. For instance, track links must 
have sound, unsegregated centers because crit- 
ical stresses occur around pin bosses located in 
the center of the billet; induction hardened, 
water quenched gears must have critical hard- 
enability limits to avoid root cracking; leaf 
springs and killed carbon steel channels for 
main frames must have good Charpy impact 
values at —40° F. to avoid failure during winter 
service — all these, of course, in addition to the 
proper balance of other properties.....An 
organization grounded in such a metallurgical 
tradition will have the boldness to convert a 
314° nickel steel gear to a plain carbon steel, 
even though it involves a three-vear develop- 
ment program costing $500,000. Right) now, 
however, this one item is saving 144,000 Ib. of 
scarce nickel every vear.....Viewing the metal- 
lurgical and financial balance of two decades, 
Riecec is insistent that buying for intended 
use (as the Europeans do) is a far better plan 
than buying a definite analysis (as is standard 
American commercial practice). Caterpillar 
Tractor Co. has a laboratory geared up to make 
rapid tests so steel production is not delayed; 
likewise its buying power is large enough so the 
steel mills play ball. To extend this salutary 
practice would obviously require agreement by 
numerous important producers and consumers, 


for the smaller user with limited ny 
facilities cannot take advantage of {| 


opportunities until all the steel mills (44 mop, 
emphasis on definite physical charact 
their product, ready for shipment, (hay 
chemical analysis and hot working properties 
Is this a job for the American Society for Veta) 
or for the American Society for Tes} Mat 
rials? It would be better for industry stud 
the matter promptly than to have some cove 


mental agency issue a regulation. 


FOUND A GREMLIN (as a flyer would call jt) 
put to work in the Caterpillar foundry, Te 


lurium is its name, and “gremlin” or “kobold 
or “devil” would be too polite for the old-tiny 
western miners to call that element when com 
bined with gold in ores that assayed like 
bonanza, vet milled like country rock! Thy 
foundrymen do not like it too well, for it gives 
them a garlic breath, but it’s 1200 times as effe 
tive as chromium to chill gray iron. — Idle 
wheels for tractor tracks used to be cast o 
0.50. chromium iron; now there is no chro- 
mium for alloy iron, so uss 


Fellurium — pinch of tellurium! Practice is 
of use to to put a 60-gram (2-0z.) pine! 
a foundry of ferrotellurium in a 2000-1) 


bull ladle, and then reladle and 
pour the molds from hand ladles. Result: A 
*4-in. rim of hard white iron on tread an 
flange.....Wonder how long it would hav 
taken to find the trouble if an odorless kind o! 
tellurium had inadvertently got into cupola iro) 
to the extent of 0.0005 to spoil its machinalil 
itv. (Now here’s boron too, as a hardener fot 
steel when added in thousandths of a per cent 
Bring on your spectroscopes and the periods 


sequence !) 


Isn°t There Something Wrong Here? 


Tuese are two adjacent items in “Persona 
Service” (Help Wanted) in a recent issue 0! 
one of our contemporaries, published by a! 
American engineering society: 

Metallurgists, young, for laboratory tes! 
on steel and brass. 3000 $3600. Chicago: inte! 
views, East. W-1018 CD. 

Professor of Metallurgy, to head diy 
Should be definitely known in field of metalurs 
and able to make contacts with represental 
the industry. The university is ready to 
SS000 $10,000 in equipment. 54500 s7000. Mid 
dlewest. W-1037 C. 
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Scrap salvage is a vital factor 
in the war effort. To be fully 
effective a scrap program must 
include methods for segregat- 
ing and conserving critical 
alloying elements so urgently 
needed in the construction of 
tanks, guns, ships and planes. 

Ferrous and non-ferrous 
metal serap should be collected 


in separate containers at the 


machine where they are gener- 
ated, Each class of high-speed 


tool steel and each type of con- 
structional alloy steel should 
likewise be kept separate so 
that the alloy content can be 
returned to service. 
Remember, — alloy scrap 
which is segregated, classified 
and labeled according to type 
and composition is a vitally im- 
portant commodity today—and 
urgently needed to augment 
primary supplies of Nickel. 
molybdenum, tungsten, ete. 


The metallurgical experience of our technical staff is avail- 
able to aid you in these and other phases of metal salvage. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


NEW YORK, Y. 
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the row id-table discussions on war products at the & convention devel- 


oped 


release 


much information that the contributors have been solicited to 
eir “off-the-record™ remarks for general publication. In the 


followin. pages are the formal statements made at one of the meetings 


Saving Alloys in Steel 


by Using Addition Agents” 


Preliminary Note by the Editor 


“Crrricat Points” in Metal Progress for 
November 1939 contained this item: 


“Circulating about the National Metal Congress 
n Chicago it takes no Walter Winchell to hear 
things about new combinations of steel deoxidizers 
ind grain refiners that confer interesting — even 
emarkable -— properties to low alloy steels. (Maybe 
his is one commercial application of the physico- 
hemical information gathered over the last decade 
bout the action of minor elements on dissolved 
suses and carbides.) Time was, about a generation 
igo, When we talked about the action of silicon and 
Hanganese with considerable confidence. Alumi- 
lum was also used— rather furtively, for some 
‘ussy customers thought it was harmful. Then 
ame vanadium and titanium with their grain- 
elining and toughening functions, calcium, zir- 
onium, columbium even nitrogen-—all added 
m occasion to control oxygen, sulphur, carbon, 
stain size. ‘The newest developments now utilize 
iXtures of three or more of these old and new 
ielals in one ferro; they are added to steel made 
V alloy practice, timed as carefully as a European 
‘imatum. The result, at least in standard test 
leces, iS a fine-grained, tough steel, with good hard- 
bility even with low alloy content — certainly a 
hique combination.” 

In the intervening time boron has been 
ulded to the alloying list, and — except by spe- 
il permission of the War Production Board 
‘thadium removed. So at present we have 
‘pecial ferro-alloys for addition agents of seven 
sneral types (balance is iron in all alloys) of 


which the last three containing vanadium are 


restricted: 


ELEMENT A B D G 

Aluminum 1% 1% 13% 6% 10% 12% 
Boron 0.5 11 1.5 0.5 0.5 0.2 0.2 
Calcium 10 

Manganese 20 S 

Silicon 35 3 25 35 

Pitanium 10 15 91) 10 15 20) 

Vanadium 6 


Zirconium { 1 10 25 13 


A great deal of development and promo- 
tional work has been done on these and other 
addition agents by Vanadium Corp. of America, 
Union Carbide & Carbon Corp., Molybdenum 
Corp. of America, and Titanium Alloy Mfg. Co. 
Likewise, numerous trials by steel makers have 
established their position in modern metallurgy, 
and proved that they will be of prime aid in 
economizing our short stocks of other alloying 
elements. While trade names have not been 
used in the discussion, it should be remembered 
that specific results quoted are for the use of a 
specific agent — in other words the seven types 
of alloys are not fully interchangeable. 


Ir IS WELL KNOWN that practices now 
employed by steel producers in making 
any of the common alloy steels vary consider- 
ably from shop to shop. It is also a generally 


conceded fact that when an attempt is made to 


adopt in one shop a practice which has given 
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excellent results in 
another shop, a miser- 
able failure may result, 
because of unseen, unknown 
and therefore uncontrollable 


It is, for this rea- Wi 
son, impossible to lay down 


variables. 
Internationa 
specific requirements for 
using the special alloy addi- 
tion agents in regard to such items as furnace 
practice or deoxidation practice, or to be spe- 
cific on the exact quantities of alloy to be added. 
Based on many practical experiments, it is how- 
ever possible to enumerate the precautions 
which must be taken and possible changes in 
practice which must be made in order to use the 
special alloys in practical steel making. 

The special alloy addition agents, often 
called “intensifiers’, are not cure-alls in any 
sense of the word, and cannot compensate for 
improper or careless steel-making practice, any 
more than the addition of any of the old alloys, 
such as nickel or chromium, will compensate for 
poor practice. They should be viewed in the 
same light as any other alloy added to secure 
specific properties of the steel, and therefore all 
refinements of practice and precautions which 
experience has proved to be necessary for the 
successful production of alloy steels must be 
also carried out in the production of the spe- 
cially treated steels. Furthermore, since all of 
these special alloy addition agents are easily 
oxidized, it may be necessary to exercise some- 
what greater care in their use. 

In general, therefore, special alloy addition 
agents require somewhat more attention to 
details of practice than is normally used in the 
production of the average alloy steel. 

It has been general practice to produce fine- 
grained heats of treated steels, and therefore 
very little or no data are available on coarse- 
grained heats. Further discussion will there- 
fore be confined to fine-grained heats only. 

The major portion of the experimental 
work has been performed by making 
additions to the steel as it is teemed into 
the ingot mold. In this way a direct and 
positive comparison of treated and 
untreated steel could be made on exactly 
the same base composition, thereby 
eliminating otherwise unavoidable vari- 
ables involved in the comparison of two 
or more heats, due to differences in 
chemistry, grain size or unknown char- 


acteristics. A comparatively few of such 
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How to Use These Addition Agents 
By Frederick M. Was 


nsin Steel Works 


direct experim 


informatio) hicl 
otherwise wo Ve 

hburn required average res from 
of a considerable ful 
heats in order to iron r 
vester Co ables due to difference: om- 
igo. Ill position and grain siz 
The above pra: 
making ingot mold additions of thes: cia 
alloys has worked out very well fo; peri- 
mental work, and the results have usually bee 
excellent. It is rather difficult to make the add 
tions so as to insure uniform distributio, 
throughout the ingot and considerable care an, 


skill are required to make the additions iy th 
correct amounts and at the correct time. Thy 
use of such a practice on a production basis 
would necessitate additions to as many as 5 
ingots from a large openhearth heat; ey 
though the greatest care was exercised, it woul: 
be impossible to be assured of uniform distri! 
tion of the alloy from ingot to ingot, or fro: 
top to bottom of each ingot. Therefore, from 
practical production standpoint, all additions of 
these special alloys must be made in the ladl. 
rather than in the ingot mold, thus producing 
a full heat of the treated steel. 

Without theorizing about the mechanism 
of the beneficial effects, it has been found 
practice that the special alloy additions a 
extremely sensitive to the concentration of oxy- 
gen or oxides in the liquid steel. In other words, 
the steel to which they are to be added must !« 
very thoroughly deoxidized, and kept very thor- 
oughly deoxidized; otherwise part or all of th 
beneficial effect may be lost. 

Normal fine grain, alloy, steel-making prac- 
tices generally produce metal which, becaus 
of treatment in the ladle with strong deoxidizers 
(ordinarily aluminum or an alloy thereof) |s 
low in oxygen content, or low in content o! 
oxides reducible by the special alloy agents 


Therefore, because the agents are easily OX 


is 
1 
' 
2 
A 
hic 
4 
et 
if : 
4 


heat to which they are to be added 
handled in the furnace with full atten- 
Jl precautions and care normally used 
fin. grain, alloy practice, given the same fur- 
oxidation, and given at least the same 
a! treatment in the ladle with strong deoxi- 
rhe addition of the special alloy agent 
made in the ladle, immediately after the 
vddit of the strong deoxidizers. 
it is highly important that the special alloy 
he added last. Otherwise, lacking the protec- 
jon allorded by the strong deoxidizer, the spe- 


cial alloy may pick up or combine with enough 
oxvuen to render it ineffective as an alloying 


went. It is also important to make certain that 
the special alloy addition is made to the ladle 
soon enough to insure thorough mixture, as 
otherwise erratic results may be obtained from 
first to last ingot of the heat, due to varying 
concentration of the special alloy. 

Any abnormal conditions of furnace prac- 
tice, furnace deoxidation, tap, ladle deoxidation, 
or teem which will cause an abnormally high 
concentration of oxygen or oxides in the steel 
may have a profoundly detrimental effect on 
the ability of these special alloys to function as 
desired. For example, a heat with a running 
stopper and a spraying stream into the ingot 
mold may pick up enough oxygen, due to the 
extra contact between liquid steel and air, to 
mean the loss of a part or all of the beneficial 
effect, depending somewhat upon the special 
alloy used. 

This statement will be further elaborated 
in the following: In the case of all of these 
special alloy addition agents, addition of an 
excess beyond a certain optimum quantity con- 
fers only minor benefits in comparison to the 
amount added. Furthermore, addition of quan- 
lities over the optimum does not, in some cases, 
have any detrimental effect. Certain of these 
special alloys may therefore be added to excess, 
beyond the quantity required to produce the 
minimum desired effect. If this can be done as 
a standard practice, some of the alloy may be 
lost by oxidation due to unforeseen difficulties, 
and yet enough alloy will remain to obtain the 
benefits desired. In other words, it is sometimes 
possible to add a considerable excess of alloy as 
an insurance against unforeseen variations in 
practice which may occur in the best of steel- 
making shops. 

On the other hand, some of the special 
alloys have rather sharply defined practical 
maximum concentrations (Cont. on page 1098) 


What Alloys Can Be Saved? 


By W alter Crafts 
Union Carbide & Carbon Research Laboratorie: 


Viaegara ralis, ii. 


THE PRIMARY FUNCTION of special alloying 
* addition agents is to contribute greater 
hardenability. There is nothing secret or occult 
about this. As in the case of conventional 
allovs, nickel, chromium, molybdenum, man- 
ganese or silicon, the increased hardenability 
conferred by special alloys containing boron 
permits the development of higher strength in 
medium and large sections without sacrifice of 
ductility and toughness. 

It has been demonstrated by Janitzky and 
others, that maximum toughness and ductility 
depend on, first, introducing sufficient alloys so 
that the steel will harden on quenching to a full 
martensitic structure and, second, tempering the 
fully hardened steel to a given strength. Ductil- 
itv will then be of the same order regardless of 
what alloys were used to obtain the required 
hardenability. The essential vardstick for sub- 
stitution of alloys in heat-treating steel is, there- 
fore, a measure of hardenability, such as the 
Jominy test. Other properties are also valuable, 
but to simplify the present brief discussion, they 
will be neglected, as will also carburizing steels, 
toolsteels, or other special steels. 

Hardenability as a yardstick for substitut- 
ing one steel for another has been utilized to a 
major degree by the American Iron and Steel 
Institute’s committee in their development of 
the National Emergency Steels. They also uti- 
lized the principle outlined by Grossmann: That 
smaller amounts of a number of alloys are more 
economical of alloys than a large amount of one 
or two alloys. 

These same principles also govern the types 
of steel in which the special deoxidizing alloys 
may be used to advantage. In general, on 
account of the interchangeability of alloying 
elements in the common grades of heat-treating 
steels, the special treatment may be applied 
best to those requiring significant additions of 
alloys that are relatively scarce. For the present 
discussion it is assumed that the demand now 
exceeds the supply for all alloys, and that they 
are ranked as follows in order of increasing 
availability: Nickel, molybdenum, chromium, 
manganese, and silicon. Even without the use 
of “intensifiers” the NE8000 steels have already 
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eliminated a large amount of nickel, and the 
new steels have greatly reduced the 
proportion of molybdenum. These savings have 
been made through more effective use of resid- 
ual allovs derived from scrap, and from the use 
of increased amounts of the more plentiful man- 
ganese, silicon, and chromium. It is now 
expected that the special alloying agents will 
permit further saving of nickel and molybde- 
num, and will also relieve the growing demand 
for manganese and chromium. 

On the basis of Jominy hardenability tests 
of comparable steels, it has been found that the 
treatment with special alloys is equivalent to 
approximately nickel, or 0.25°¢ molyb- 
denum, or 0.35% chromium. This degree of 
increase of hardenability is not suflicient to 
make specially treated carbon steels containing 
no alloy the equivalent in hardenability of the 
common low alloy S.A.E. and NE steels, but it 
is enough to reduce the requirement for critical 
alloys in alloy steels. One outstanding excep- 
tion to this statement is the carbon-molybdenum 
S.A.E. 1000 series in which the same harden- 
ability could be obtained from special treatment 
as from the molybdenum content. 

The NE steels of medium hardenability 
may be divided into those that obtain most of 
their alloys from residuals in the scrap, such as 
NE9100, and those that require virgin alloy 
additions, such as the plain manganese NE 1300 
type, the manganese-molybdenum NES8000— to 
8100 types, the nickel-chromium-molybdenum 
NE8600 to 8900 types, and the manganese-sili- 
con-chromium type. The special deox- 
idizing alloys appear to be particularly suited 
to reducing the amount of virgin alloy additions 
in the latter group. The hardenability of 
NE8&339, for example, is virtually unchanged 
when the special treatment is substituted for 
the molybdenum. In the same way, a part of 
the chromium or manganese might be saved in 
NE9600 steel by the special treatment. In 
NE1300 it would be possible to save about 
0.60 manganese, and in NE&600 and 8900 the 
saving might amount to one-third or more of 
the nickel, chromium, and molybdenum. 

Molybdenum is now probably the most 
critical element used for alloying in heat-treat- 
ing NE types of steel, and it is probable that it 
could be reduced or entirely eliminated from 
these steels by the special treatment without 
increasing the demand for manganese, chro- 
mium, and silicon. In other steels that do not 
require additions of nickel or molybdenum, the 
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special treatment might be used to re. 
use of manganese and chromium, 

At higher levels of alloy content, eg 
tional unit of an alloy that is added | 
a proportionately smaller increase in 
ability than the same amount of alloy 
lower level. This factor of diminishing Inns 
hecomes more evident in the very deep-hardep. 


ing steels, which require more of the cri; 


al 
alloys than can be effectively derived from 
selected scrap. The necessary further additions 
of nickel, chromium, and molybdenum are yo) 
only less efficient than the residual amounts j) 
increasing hardenability, but the additions mys 
be made from virgin metal. Thus, in the inter. 
ests of conservation, it may be advisable, whey 
a critical amount of strategic alloy is already 
present, to obtain the desired increase in hard. 
enability by the special treatment. 

For example, NE9450 steel containing 
0.30 chromium, 0.30% nickel, and 012 
molybdenum can be made equivalent by specia! 
addition agents to NE8949 or 9550 which con- 
tain 0.50% chromium, 0.50% nickel, and 0.20 o1 
0.35°¢ molybdenum. In view of the current 
scarcity of nickel and molybdenum, and rela- 
tively greater availability of chromium, it is 
notable that the special treatment of NE96D50 
containing 0.50° chromium and no molybde- 
num, will also give hardenability of the sam 
high order. In these examples the special treat- 
ment can save not only almost half of the total 
nickel, chromium, and molybdenum but almost 
eliminate the need of virgin additions of alloy 

In summary, experience has taught that th 
special alloy treatment is the equivalent of new 
alloy in its effect on hardenability. It has been 
demonstrated in the NE steels that one avail- 
able alloying metal can be readily substituted 
for another that is scarce (in order to utiliz 
available materials) and that smaller amounts 
of a greater number of alloys are more eflec- 
tive than a large amount of any one. The sp 
cial treatment may, therefore, be applied in th 
same manner as another alloy in order to sub- 
stitute for more critical alloys and to per! 


greater savings in the use of all alloys. Phe 


available national supply of alloys at the pr 


ent time is such as to suggest that, in orde! 
obtain a medium degree of hardenability 
special treatment should be applied prin 
to manganese-silicon steels. For deeper 
enability, the special treatment shou 
applied to chromium-nickel-molybdenum 
whose alloys are derived mainly from >» 
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What [ypes of Steel Can Be Benefited? 


By A. W. Demmler 
Metallurgic al Engineer 
Vanadium Ci rp of America 


New York sity 


PropaBLy the most convincing way to 
mswer the question “What Types of Steel 

Can Be Benefited?” is to quote mechanical tests 
on split heats using various alloys, one portion 
ast direct and the other portion after alloying 
with addition agents. In this I will limit myself 
i) figures derived in our own laboratories from 
commercial heats of steel treated with “intensi- 
fiers’ made by Vanadium Corp. of America. 
Many of the improved properties of alloy 


1055 (Left) Transforms Completely in 5.2 Sec. at 
1030°F., Whereas the Same Steel With Addition 
fvents (Right) Requires Much More Than 10 See. 


treated steels are associated with their greatly 
increased hardenability — a matter discussed in 
detail later by Mr. Comstock. To the modern 
metallurgist, hardenability and speed of trans- 
formation are inversely proportional, That is 


lo say, a plain carbon 


shallow hardening steel — has low hardenabil- 
itv. On the other hand, an alloy steel which 
transforms at a slow rate of speed is a deep 
hardening steel —has high hardenability, 
Micro-examination shows that the addition 
agents slow down the rate of transformation 
markedly. For instance, commercial S.A.E, 1095 
steel transformed fully in 5.2 see. at L030" F.; 
the same steel, treated, did not completely trans- 
form in 10 sec. Again: S.A.E. T1310 transforms 


{dditional Time Required to Transform In Steels Con- 
taining Reaction Alloys Shown by S.A.E. 7 1340; Un- 
treated (Left) Transforms Completely in 40 Sec. at 
910°F.; Treated (Right) Contains Some Austenite (Clear 
dreas) After 300 Sec. (700 for complete transformation ) 
nearly completely at 910° F. in 40 sec.; when 
treated it retains considerable austenite after 
300 sec. How these facts influence a Jominy 
end-quench curve is shown in the graphs on 
pages 1068 and 1069. 

Hardenability is a real and genuine tool for 
the metallurgist but does not mean so much to 
the designing engineer. In any case, a clear 
understanding of the precise application is nec- 
essary before anyone can make a sensible rec- 
ommendation of a substitute. Hardenability is 


not necessarily a guide to wear resistance, or to 


steel which typically Table I— Effect of Reaction Alloys on Carburizing Steels 
lransforms from austen- 
ite to martensite at a ALLOY Heat BRiNELI Izop HARDENING 
high rate of speed is a STEEL ADDED Depru (a) 
1ENT TION rion 
X 1020 No A 100,200 23.0 69 217 106 0.08 
! Treatments: Yes A 133.500 17.5 63 302 30 0.60 
\: Normalize, pseudo car- 5120 No B 113.000 21.5 55 232 0.78 
rize at 1675° F., quench Yes B 132.600 72 61 290 1.07 
n pot in oil, temper at 2512 No c 153,000 16.8 55 321 11 0.75 
20" J Yes c 182,000 15.8 57 363 $5 1.00 
B: Normalize, soak at 1700° 4620 (b) No D 126,600 23.0 58 255 71 0.45 (e) 
I ice cool to 1550, oil 8 lb. D 177.400 15.0 D8 388 53 0.81 
jue me 150° temper, air cool. 6 Ib. D 196,000 15.0 58 393 48 0.98 
L: Normalize, oil quench 9 Ib. D 197.600 14.0 57 104 40) 1.09 
79° F., temper at 300° 
ol. (a) Inches from end of Jominy end- nickel (below the specified range of 1.65 
: Same as A, except tem- quenched bar to Rockwell C-40. to 2.00%). 
rat Jo0° F., air cool. (b) Basic electric steel with 1.300 (c) See end-quench curves page 1067. 
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Table Il — Effect of a Reaction Alloy 


on Semi-Deep Hardening Steels 


HEAT TENSILE PROPERTIES HARDENING Depry; | 
STEEL ALLOY | ‘TReat- ELONGA- Repvuc- 
ADDED ULTIMATE HarpNess IMPACT ToC-4 
; S.A.E. 5040 No A 249,500 6.5 22 461 6 0.24 0.35 | 
Yes A 275,200 12.5 19 514 16 0.49 0.69 | 
S.A.FE.5140 No A 245,800 10.0 38 164 12 0.31 0.54 
Yes A 258,800 8.5 36 477 18 0.52 0.76 
; A 4063 No A 328,600 7.0 23 578 0.35 0.44 
Yes A 336,800 7.0 26 587 - 0.95 1.23 
NE8442 No A 288,700 9.0 40) 522 9 0.56 1.00 
4 Yes A 291,000 9.0 38 522 16 2.8 3.0 
ee NE 9260 No B 218,600 9.5 29 423 9 0.49 0.71 
Yes B 227,600 8.5 30 444 10 1.22 1.43 
7 Heat Treatments: A. Normalize, oil quench, draw at 450° F. in preliminarily machined sections, 
B. Normalize, oil quench, draw at 900° F, in i-in. rounds. 


properties at elevated temperatures. Without a 
knowledge of the pertinent considerations sur- 


« 


rounding a given application, one might rec- 


ommend in the interest of conservation of 
strategic materials alone——a_ substitute steel 


containing an appreciably higher carbon con- 
tent, and find himself facing cracking and other 
troubles in heat treatment, vet a less drastic 
quench might not be feasible for the lower alloy 
substitute chosen. Here is an excellent spot for 
a steel treated with a special addition agent or 
reaction alloy, which may well simplify the 
hardening cycle on a specific job and, from our 


observations, reduce cracking problems. 


The question of amount of reaction alloy is 
important, not only from a cost standpoint but 


also from the effect on the properties of the 


steel. While the available alloys vary consider- 
ably in both of these respects, the last four lines 
of Table I and the end-quench curves of thes: 
same steels show that when conditions are righ! 
the exact amount of addition is not so critica! 
The steels are special nickel-molybdenum analy- 
ses, lower than standard S.A.E. 1620 in nickel, 
made in a basic electric furnace, and contain- 
ing 3, 6 and 9 Ib. per ton of intensifier. Whi) 
electric steels frequently require an additios 
somewhat in excess of that common to op 
hearth practice, an addition of 9 Ib. per t 
tha 


« 


represents a considerably larger quantity 
is recommended, vet no adverse effects ar 
observed in the hardenability curves. Sin 
hardenability need not be the whole story wher 


excesses are involved, a look at the test pro; 


Table Ill — Tests on Laboratory Heats of NE9420 and NE9440 


HEAT TENSILE PROPERTIES 
Appep TREATED went | ULtimate | HARDNESS IMPACT 
NE9420 % in A 136,100 92,000 17.0 58 273 66-60 0.10 
a Yes % in. A 214,600 190,000 11.5 52 421 35-32 0.48 
No 5. in, B 198,500 156,400 12.0 16) 414 27-25 0.10 
Yes *S in, B 215,000 185,000 12.06 53 424 32-31 0.48 
No lin. C 102,000 83,200 24.0 68 217 111-111 0.10 
Yes lin. * 141,400 136,400 16.5 62 304 78-76 0.48 
: No 1 in. D 113,800 95,900 21.0 68 241 94-90 0.10 
Beas Yes lin. D 147,100 143,100 17.0 62 306 71-71 0.48 
NE9440 No in. E 270,400 228,600 8.0 33 515 13-18 0.33 
Yes in. E 268,600 232,500 8.0 33 500 16-17 0.63 
i No 1 in. F 162,900 148,100 14.5 52 341 17-42 0.33 
YES lin. F 171,000 166,600 14.0 52 347 36-36 0.63 
(a) Inches from end of Jominy end-quenched C: Normalized 30 min. at 1750° F.; oil que 
bar to Rockwell C-40; (b) To Rockwell C-50. after 30 min. at 1600° F.; drawn 1 hr. at 900° I 
Heat Treatments: cooled; treated in 1-in. rounds. 
A: Normalized 30 min. at 1750° F.; oil D: Same as C, but water quenched from 1575 
quenched after 20 min, at 1575° F.; drawn 1 hr. E: Normalized 30 min, at 1650° F.; oil que 


at 450° F.; air cooled; treated in preliminarily after 
machined sections. 
B: A, but water quenched from 1550° F. 30 m 


Vetal Progress: 


: drawn 1 hr. at 450° F.; air « 
oil quenche: 
air cool 


20 min. at 1525° F. 
Normalized 30 min. at 1650° F.; 


in. at 1550° F.; drawn 1 hr. at 900° F.; 
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these same steels will be enlighten- 
i» he group at the bottom of Table I we 
ja. arked increase in strength for all addi- 
th fine ductility and toughness in all 


ties 


\ -omparison of all the steels in Table I 
the basis of equal strengths would be of 

yestionable validity since in typical carburiz- 
heat treatment cycles the tempering tem- 

erature is always low. 

It would appear to be clear from the above 

ia, necessarily fragmentary because of time 


mitations in this presentation, that carburizing 
steels, both carbon and alloy, are benefited in 


per Ton 


| | — 6 Laper Ton 


One 


|Low-Nickel 4620 \. 
\(Basic Electric) 


| Mn % 

Mo 025% > 

Ni 1.30% Plain Stee/~ Laper Ton 
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Surplus of Vanadium Reaction Alloy is not Detrimental 

to Hardenabilitv. Basic electric steel: commercial heat 


their mechanical properties to a remarkable 

Next for the “semi-deep hardening” steels. 
lable Il summarizes some figures on this class 
materials. The first two lines show how the 
ilensilier improves the low alloy S.A.E. 5040 
steel (0.60 chromium), bringing it up to the 
jardenability of the much more highly alloved 
SALE. 2340 and 3140. Strength is up — even duc- 
tility and Izod value. Treated S.A.E. 5140, with 
early double the chromium, is also benefited 
wv the same alloy treatment, but hardly to the 
remarkable degree of S.A.E. 5040. Tensile prop- 
ries of the carbon-molybdenum or Amola steel 
1063) in preliminarily machined sections are 
elatively unaffected by the treatment, although 
's hardenability is greatly improved, as shown 
wy the curve on page 1068. The same can be said 
NESH2 (manganese-molybdenum) and _ the 
‘lico-manganese spring steel NE9260. 

‘he conclusion from this and a great mass 
' other data is that the tensile properties of 
the somi-deep hardening steels are increased by 


special alloy treatment in proportion with the 
gain in hardenability when section size is con- 
sidered, with no deterioration — in fact, often a 
substantial gain — in the ductility (especially at 
high hardnesses) as measured by elongation and 
reduction of area in the tensile test piece, and 
in notched-bar toughness as measured by the 
Izod impact test. 

Finally let us consider the newest of the 
National Emergency Steels designed for the 
utmost saving in scarce alloys. The data in 
Table Il are for Ajax induction furnace heats. 
(All preceding material came from commercial 
heats.) The intensifier effects are somewhat 
astounding. Here is a steel whose basis (NE 9420, 
and on the low side in silicon) is certainly a 
water quenching grade for ordinary tempera- 
tures, but with the intensifier it quenches in oil 
at least in 1l-in. section! Results of both oil and 
water quenches have been recorded with low 
and medium tempering temperatures. For the 
150° F. temper the specimens were hardened in 
practically the same size as the final test piece 
while for the 900° draw 1-in. sections were heat 
treated. Commercial material, under test, fully 
supports the properties of Ajax heats. 

The same table contains a little data on 
NEQ40 steel melted in a 30-Ib. Ajax furnace. 
The Jominy hardenability is recorded. Inci- 
dentally these, as well as the others reported, 
are fine-grained base steels. Since this compo- 
sition has ample hardening capacity in prelimi- 
narily machined sections, little difference in 
properties is observed for this condition but dif- 
ferences begin to show up in the 1-in. sections. 

Now let us sum up the remarks: There is 
no question that hardenabilitv is increased by 
the various intensifier alloys and this fact is not 
confined to merely a few grades of steels. It 
includes the carbon and alloy carburizing 
grades, the semi-deep hardening alloys, and 
the NE low alloy steels. Data on performance 
in service are collected, of necessity, more 
slowly than laboratory data, but the outlook is 
very encouraging. At high hardnesses, the duc- 
tility and toughness are very good in these 
treated steels. In the lower hardness ranges, 
mass benefits must be recognized, which may 
permit of some simplification in the quench and 
perhaps higher tempering temperatures. Dis- 
tortion and cracking bear some relation to such 
conditions. 

Today the real answer to any new steel is 
performance.  Intensifiers have already won 


their spurs in a number of applications, 
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Extra Hardenability Obtainable 
ina Treated Steel 


By George Comstock 


For THIS DISCUSSION of the benefits obtain- 
e able in various steels by the use of the 
boron-bearing deoxidizers, we are fortunate in 
having available a summary made by a Com- 
mittee of the American Iron & Steel Institute 
which has studied the subject for several 
months. Since this Committee included prac- 
tically all the pertinent data acquired in this 
country on the use of these alloys, both in lab- 
oratory research work and in large-scale com- 
mercial trials, [| can do no better than select 
some appropriate items from the Committee's 
conclusions. 

As already stated by Mr. Crafts, the most 
prominent and important effect of the proper 
use of these boron-bearing alloys is to increase 
the hardenability of the treated steel. Other 
effects on physical properties such as tensile 
strength, vield strength, ductility, and notched- 
bar impact resistance are chiefly, though per- 
haps not entirely, the result of the increased 
hardenability. It is important therefore to 
understand just what is meant by the term 
“hardenabilitv’, and since it is even yet con- 
fused at times with “hardness”, it may be worth 
while to explain that “hardenability” consists 
essentially of the ability to become harder after 
rapid cooling from a reasonably high tempera- 
ture, whereas “hardness” is more closely allied 
to the ability to become hard after the compara- 
tively slow cooling from similar temperatures 
which generally occurs in the last stages of steel 
manufacture, A steel that is harder in the nor- 
mal (slow cooled) condition may actually have 
less hardenability (or require a more drastic 
cooling treatment in order to attain a given 
degree of hardness) than a steel that is normally 
softer. “Hardness” in the above sense is more 
closely proportional to the carbon content; 
“hardenabilitv” is a function also of the alloy 
content and the grain size, but all commercial 
steels possess this property of hardenability to 
some degree, except perhaps those with very 
low carbon contents that are used chiefly for 
sheets and wire. 
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Since the hardening of plain car! 
or low alloy steels by heat treatment 
plished by rapid cooling from a ten 
above the critical point, and does | 
on slow cooling, the rate of cooling 
whether a given steel hardens useful! 
not harden to any great extent. Thy 
cooling that must be exceeded for hard 
occur is thus a measure of the hard 
When any given piece of hot steel 
rapidly, or quenched, the outside surfac 
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"a Heat 790 


Rockwell 'C* Haraness 


| A 4063 
O Yo 2 
Distance from End, Jn. 


Commercial Amola (Carbon-Molybdenum) A 1063 Ste 
Plain Heat 790; Alloy Treated Heat 789, (Demmler 


piece obviously has the highest rate of cooling, 
and has the best chance of being hardened 
Unless the piece is very small, the inner por 
tions cool with less rapidity as the distance fron 
the outside increases, and toward the center o! 
a sizable piece the rate of cooling is often to 
slow for hardening to occur. When testing 
specimens of standard size under standard cool: 
ing conditions, the depth or distance from tl 
surface through which hardening occurs gives 
a very convenient measure of hardenability, 

This is the basis of all present-day methods 
of hardenability testing, of which the Jomin) 
end-quench method is probably the most prac- 
tical and widely used. As is well known lo & 
members, the specimen is a round bar of stanc 
ard size, quenched by a standard stream 0! 
water striking only on one end, so that the dept! 
of hardening may be shown by making hard 
ness tests at intervals along the cylindr 
cal surface, starting from the quenched ene 
Plotting the hardness against the distance !ror! 
the quenched end gives a curve which sho 
hardness values for all rates of cooling. 

Results of this test are conveniently r 


as the length of the specimen in sixteenth 
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ch has hardened to Rockwell C-50 or 


ncn 
he fhis is sometimes called the “Jominy 


-alue’. Lf one steel has a higher “Jominy value” 


han ther, the first of course has a greater 
bility, for it hardens to a greater depth. 


rots | ra 


ene \verage results on this basis with steels 


cant ing O40 to 0.45% carbon and either 
spout 1.15% manganese (special A.LS.L C-1311, 
high manganese) or about 0.75°° manganese 


with 0.69°° chromium (A-5045) or 0.25°° molyb- 
th denum (A-1042), made commercially in large 


Treated With an. 
Intensifier 


Orainary Heat 
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~] NE 8442 
“0 Ye / 2 2S 
Distance from End, 
\E 8412 Has Its Hardenability Greatly Increased 
er by Treatment With Intensifier (Demmler) 
I heats, show Jominy values at Rockwell C-50 
a raised from around 3 for the untreated steels 
1 to around 6 or 9 for steels treated with the 
boron-bearing deoxidizers. 
of More highly alloyed or higher carbon steels, 
such as those with about 0.40% carbon and 
manganese (NE1340) or others with 
030° nickel and 0.30 chromium and 0.10% 
r molybdenum (NE9440) and those with around 
PS 1.005 carbon, 0.905 manganese and high sili- 
con (NE9260) or 0.255 molybdenum (A-4063) 
ls show increases in Jominy value from about 5 
A or 6 to 11 to 15 for the special alloy treatment. 
lhus the treated steels of the lower alloy 
3 classes first mentioned, with Jominy values after 
- special treatment of 6 to 9, can be made equiva- 
lent or superior in hardenability to these more 
h highly alloyed steels. Still more highly alloyed 
steels are correspondingly affected by proper 


‘reatment with the boron-bearing alloys, the 
steel with about 0.50°° carbon, 1.266 manganese, 
0 niekel, 0.500% chromium, and 0.35% 
molybdenum (NE8949) being raised from aver- 
| ise Jominy values of about 8 at the high hard- 
I ess of Rockwell C-55 to over 40. 


neral experience, as well as the harden- 


ability curves, indicates that with slow cooling 
rates, such as in normalizing, neither the hard- 
ness nor any other property of the steel is 
materially improved by treatment with these 
boron-bearing deoxidizers. The effects are 
most important for parts that are used in the 
quenched condition (without tempering or with 
only a slight tempering) at hardness of 300 
Brinell (Rockwell C-32) or harder. With steel 
in such a condition that no appreciable separa- 
tion of carbide from ferrite has occurred, there 
is a marked improvement in the character of 
the hardened structure, and the ductility and 
toughness are improved by the alloy treatment. 
This improvement disappears with softening 
or tempering at higher temperatures, where- 
upon the impact values of the treated steels 
may be even slightly lower than those of similar 
untreated steels. 

Tensile properties are measured on test 
pieces of medium size (frequently machined 
from 1-in. bars after specified heat treatments) 
and the test results are of course very dras- 
tically affected by the hardening practice. If 
the tensile properties of two fairly similar steels 
are compared in a condition of heat treatment 
such that one steel hardens to a much greater 
depth than the other, the difference in proper- 
ties may be enormous for very slight differences 
in composition. In steels of low hardening 
capacity, treatment with the boron-bearing 
allovs generally gives much higher tensile 
strength and yield point with quenched and 
drawn specimens, while in more readily hard- 
enable steels the treatment with addition agents 
may improve the reduction of area and notched- 
bar impact resistance without much change in 
tensile strength. 

As an illustration of the effects on tensile 
properties of the former class of steels, the 
following average results of tensile tests of a 
steel containing about 0.406) carbon and 0.75‘: 
manganese (A.LS.1. steel C-1010), quenched in 


TREATED WitH 
Bonon-BEARING 


UNTREATED ALLOY 
Yield point 1,000 psi. 227,000 psi. 
Tensile strength 123,000 psi. 275,000 psi. 
Elongation in 2 in. 19% 7.5% 
Reduction of area 53% 35° 


oil from 1550° F. and tempered at 10° F. may 
be cited, and show over 100°. gain in yield 
point and tensile strength; the ductility of the 
treated steel was of course lower, since it hard- 
ened while the other did not. (Cont. on p. 1100) 
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“Sulphur prints” of steel sections are metallographic commonplaces, but the 


present authors extend the utility of this simple test to other inclusions in 


other metals by using gelatine coated paper soaked in a specific electrolyte, 


imposing a small current, and developing the print in suitable reagents. 


Klectrographic Methods of Surface Analysis 


AN ELECTROGRAPHIC METHOD is 

one by which a small amount 
of materia! is removed from the 
surface of an object under the influ- 
ence of an applied potential, and is 
driven into paper or other 
porous medium where it may sub- 
sequently be detected and identified 
by any one of a number of suitable 
reagents. Methods of this general 
type have been developed by 
Glazunow’', Jerkowsky’, Arnold’, 
Fritz’, and Clarke and Hermance’. 
The reagents used in identifying 
the dissolved materials are usually 
the same as those employed in 
colorimetric spot testing, as 
described in references No. 6 to 13, 
inclusive. (See the bibliography on 
page 1076.) 

Electrographic methods have 
certain definite advantages over 
other methods of testing. They are 
very rapid and the apparatus 
required is simple and inexpensive. 
One is able to get a= distribution 
map of the surface of a specimen, 
the points of occurrence of a cer- 
tain element being found as mirror 
images on the print. In cases where 
prints are made of homogeneous 
solid solutions, one print may serve 
for tests for a large number of ele- 
ments, since single drops of a 
variety of reagents may be placed 
on the print and, in this manner, 
the presence or absence of each of 
these elements may be determined. 
Once the electrographic print has 
been made, it can often be dried 
and preserved as a permanent rec- 
ord of the surface of the specimen. 

Perhaps the greatest advantage 


of such a method is that it can be 
made with but very little damage 
to the surface of the specimen, 


Description of Technique 


A schematic diagram of the 
apparatus used for making electro- 
graphic determinations is shown in 
Fig. 1. In this diagram are shown 
a source of current, a block upon 
which to place the paper, a means 
of applying pressure to a specimen 
in order to bring it into intimate 
contact with the paper, and an 
ammeter to determine the amount 
of current flow. Current supplied 
by a 6-volt storage battery or a 
Similar direct) current source is 
suflicient for making the prints. 
The cathode block, upon which the 
paper was placed, was of alumi- 
num. <Any flat conducting material 
would have been satisfactory as far 
as completing the circuit was con- 
cerned, but it was found that 
aluminum did not form colored 
products with many of the reagents 
and hence little interference could 
result from the block. Pressure can 
be applied by means of a clamping 
device or by placing suflicient weight 
upon the specimen to press it into 
contact with the paper. An ammeter 
was included in the circuit to make 
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sure that a sufliciently high 
density was used to dissolve iter 
rapidly from the surface of th 


men. In certain cases wher: 
specimen was very large or was 
flat, it was found more conveni 
place the paper upon the speci 
and then place a piece of al) 
sheet or foil upon the paper 

as the other electrode. 

In brief, the method used consists 
of placing a piece of the | 
saturated with a suitable elect: 
on the block, pressing the spe 
into intimate contact with the p 
making the specimen anodic s 
material from the surface 


specimen will be dissolvy: 


picked up in the paper, an: 
washing the paper and developing 
it by means of suitable reage 
Selection of Paper Exper 
with various kinds of papers rev 
that a gelatin-coated pape! 
man’s Imbibition Paper) was 


most satisfactory, since 

within the gelatin layer is very s 
the ions of the materia 

analyzed remain at their points 

entry with the result that a 

clear-cut print is produced. Als 

was found that as the curr 

tinued to flow, an actual ¢ 

tion of material would res 

gelatin at the points of ¢ 

this manner, the concentral! 

be increased to a point sur 

reagent of a given sensitiv!! 

detect the material, 

ions diffused away, a hig! 

concentration might 

reached. It is also possibl 

and determine the locatt 
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Cathode Block | 


but soluble products which 


It was also found 


locations on the surface of 


ns could be very close together 
10 interference would result. 
accurate map of the occur- 


Conducting Solution 


tisfactory prints were obtained by 
rating the gelatin paper with an 


| subsequently developing the 


roducts which would confuse 


ied to different parts of the 
ith the result that a number 
be made on one print. 
ion, the solution of elements 
ight interfere with a certain 

ften be prevented by the 
a Suitable electrolyte with 


Current Requirements 


ec of the specimen, the ele- 
be detected, and the solution 


Simple C-Clamp Presses Surface Under 
on a Piece of Reagent-Treated Gelatined 
and a Small Direct Current Is Imposed 


forms the most anodic areas on the 
surface in the electrolyte chosen, no 


applied current would be required 


to drive this element into the paper. 
However, it was found that even in 


these cases the electrographic 


method was applicable, since the 


passage of current greatly hastened 


the process and produced greater 
concentrations in the paper in shorter 
On the other hand, 


if the areas it is desired to detect are 


periods of time. 
not the most anodic on the surface, 
in the electrolyte used, a current flow 
material 


is necessary to force the 


| 
| 


rrent Denct 
‘ vere 


UY 
Fig. 2—1f Two Substances With 
Open-Circuit Potentials A 
Are Short Circuited in an Electro- 
lyte, the Anodic Substance A Will 
Be Dissolved by Self-Generated 
Current, To dissolve the cathodic 


and € 


substance C, a separate current 
polarize the 


point on DE 


must be imposed to 


potential to some 


from the surface of the specimen 
into the paper. 

the solution potentials of 
the various elements differ- 


ent solutions, different current densi- 


Since 
vary in 


ties will have to be used, depending 


upon the elements to be detected 
and the electrolyte. As a 
fact, it was often found that a lower 


could be used to 


matter of 


current density 


force a certain element from the 


specimen into the paper if a change 
were made in the electrolyte. How- 
ever, with each set of conditions of 
element and solution, a definite mini- 
mum current density must be 
exceeded before the element is driven 
from the specimen into the paper. 
his value is apparently the current 
density necessary to polarize the 
entire specimen to the open circuit 


potential of the most cathodic area. 
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Without such polarization, the most 
anodic area would be dissolved and 
a more cathodic material which was 
present in the surface of the speci- 
men would not be transferred to the 


paper and hence would not be 


detected. 
Figure 2 shows the conditions 


which might be found to exist on 


the surface of a specimen and 
demonstrates the necessity of apply- 
ing a current to detect a certain ele- 
presence of a more 
For 


us assume that we have a specimen 


ment in the 


anodic element. example, let 


of sheet material A which contains 


an inclusion of a more cathodic 


material C. The open-circuit poten 
tials of the two are denoted by the 
points A and C respectively in Fig. 2 
If these two materials are short cir- 
cuited fur- 


nished, as would be the case if the 


and a liquid circuit is 
sheet specimen containing the inclu- 
sion was placed on the gelatin paper 
electrolyte, the 


saturated with an 


anodic material will polarize along 
the curve A-B and the cathodic mate- 
rial will polarize along the curve C-B 
reached, At this 


entire 


until point B is 


point the potential of the 


specimen will be that potential cor- 
responding to B (neglecting the small 


ir drops which exist), and a self 


generated current, also correspond 


ing to B, will be flowing in such a 


direction that only the anodic mate- 


rial will be dissolved. Thus, without 
an applied current. the more cathodic 
not be dissolved 


inclusion would 


directly and hence could not be 
detected. 

However, as current is applied to 
the specimen, it will polarize along 


the curve B-D-E, Until point D, 


which corresponds to the open- 
circuit potential of C, is reached, 
only the anodic material A will be 


Beyond point D, both 


1 and C will be dissolved, unless, of 


dissolved. 


course, © is passive. Thus, by means 


of the passage of current in an elec- 
test, 


ments may be forced from the surface 


trographic practically all ele- 
of a specimen into the gelatin paper, 
regardless of their open-circuit solu- 
tion potentials. (Considerable study 
has been given to polarization phe- 
polarization curves of 


nomena and 


various materials in a number of 


solutions. See articles cited as No, 
14 to 19 


phy, page 1076.) 


inclusive in the bibliogra- 


It was found best to apply a cur- 


| 
Fig. 1 
Study 
Paper, 
| 
i 
i 
OPECIMEN | 
| 
Clamp 
elements by the formation of | a 
iid disperse very rapidly in a : 
scfiler paper, | 
that when different elements, form- | ; 
« differently colored compounds 
th a given reagent, occurred at . 
B 
tt e specimen, the diffusion in the D 
«latin laver was so slow that the 
is a 
ce of certain elements on the 
— 
rface of the specimen could be 
periments showed that the most | 
hat tion of a neutral salt J 
s found that if the paper was Ls 
pregnated with the detecting 
igent before the current was ; 
sed, the current would often 
a npose the reagent to form col- | 
test. Also, when the paper is 
regnated with a sohtion Of 
(ral salt, different reagents can 
it 
t 
ud 
cl 
rhe amount of current depends ee 
used in the paper. Natu- 


rent density definitely on the high 
side so that a large amount of the 
element would be transferred to the 
paper in a relatively short time. To 
obtain such a current density, the 
total current would have to be 
increased as the area of the speci- 


men in contact with the paper is 
increased. No definite time of cur- 
rent flow can be set up, since this 


factor will depend on the amount of 
the element present and the sensitiv- 
ity of the reagent used. In general, 
it was found that about 30 sec. pro- 
duces satisfactory results, although 
sometimes a more positive test was 
obtained by increasing the time. It 
was also found that the time of cur- 
rent flow was sometimes limited by 
a drying-out of the paper as a result 


of the current flow. 


formed, the electrolytes which 
the 
which might be encountered. 

In the 
“developers”, it was found that many 
for 


ordinary qualitative and quantitative 


were 


used, and some of interferences 


search for reagents” or 


of those which are satisfactory 


analyses or for spot tests would not 
answer for electrographic tests. Tests 
using certain of these reagents 
require techniques which are imprac- 
tical when the material to be detected 
is present only in small quantities in 
The dithizone test 


a gelatin layer. 


for lead or silver is unsatisfactory 
for this reason. Again, some reagents 
depend upon white or very lightly 
colored precipitates, or upon small 


color variations or differences which 


are not readily visible against a 


paper background. In this regard, 


Table I— List of Satisfactory Electrographic Tests 


are not readily 


discer; 


the paper background. 
Other reagents used 
are specific for a cert 
only if it is known that 
ber of other elements 
Experiments revealed 
or mechanical separati 
out 


be carried 


gelatin 


satisfact 
this 


paper. For 


tests for aluminum 


aluminon, and cyanine 


factory electrographic | 


other reagents require hy 


stances which would d 
gelatin paper. Also fou 
unsatisfactory were certai 
which in themselves wer: 
since they were often abs 


ides of certain elements w} 


be present, 


not be 


ELEMENT 


ELECTROLYTE 
SOUGHT 


10% KI 
H.S gas 


Bismuth 5% KNO 

5° KCN acidified 
with H.SO 

Chromium 5% K.SO, or 


Cadmium 


H.O 


DEVELOPER 


INTERFERING 
ELEMENTS 


COLOR 
Orange Lead 
Yellow precipi- 

tate 
Yellow changing 


Those forming 
black sulphides 


tion, the 
in the 
minum 
an 
for this elems 


Selection of Reagents 


A large number of reagents were 
tested in an effort to find ones which 
were specific for certain elements in 
the 
elements, but by far the greater num- 


presence of a number of other 
ber were unsatisfactory. The reagents 
found to be practical for the detec- 


of a 


given in 


number 
Table I, 


along with the color of the products 


tion and identification 


of elements are 


it was found that tests utilizing the 


formation of colored insoluble 


borates, bromides, carbonates, cya- 


nides, fluorides, hydroxides, iodates, 
oxalates, phosphates, silicates, sul- 
phites, and tartrates were generally 
the 


pounds formed are too light in color 


unsatisfactory because com- 


and do not give sufliciently positive 
tests. The diphenylearbazide test for 
unsatisfactory 


magnesium is also 


because the color variations involved 
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The “Test Block” Technique 


In order to determine 
not a certain 


specific test for an elen 
presence of a number ol! 
ments, a block 
of 18 different 


prepared, by placing the 


contal 


cubes el 


tangular mold 


insulating cement betw 


prese! 


and po 


was fi 


from the paper 


readily 


ct 


( 


Following this, a low me! 


reagent wot 


unsatisfact 


ed 


{ 


rive 
the gelatin layer, or by the hyd 


cl 


d 


the 


Was 


cence produced 


it 


\ 


5% KNO to violet in a 
The bes! reace 
developer 
Cobalt 5°) NaF Saturated acetonic Blue Copper or nickel cae tel 
KCNS in very large are uighly sensitt 
quantity are specific for 
Copper 5° Rochelle salts 5% ammoniacal benzoin- Green ment being det 
or 5% KNO oxime in alcohol Where reagents 
5° KNO 0.5% alcoholic rubeanic Black sensilivitv have 
acid used, the ti 
5% KNO NH. gas Blue gress 
5% KNO 5% K,Fe(CN), Red rent passagt 
Iron 5° KNO 5% K,Fe(CN) Blue increased to get 
5% K.SO, or 5°) K.Fe(CNn) Blue Chromium cient concentral 
5% KNO an element to 
5% KNO 5% KCNS Red positive test. As 
Lead KNO normal Yellow Silver forms of analvsis 
5% KNO 10% KI Yellow Bismuth ative test ig! 
Molyb- 5° K.SO, or Saturated solution of Purple prove that a core 
denum 5° KNO potassium ethyl ment is) abse! 
xanthate in 5% H.SO, merely that ai 
Nickel 5° KNO 1% dimethyl glyoxime Scarlet Iron, Cobalt concentration of 
in concentrated NH,OH not been obtai 
Silver 5% K.SO, K,CrO, Brick red gelatin ayer 


P 
te: 
i 
Colors 
flu 
= «of 
ew fect 
- 
1 
whethe 
iid g 
xt 


3 


ale) ‘or nr 
ting Ceme. 
w Melting Point Alloy 
poured into the mold in 
that contact could be made to 


is elements at one time. Finally, 


hott surface of the block was 
d down and polished with the 


it that a flat surface, composed 


he polished faces of the 18 cubes 


unded by insulating cement, 
obtained. Figure 3 shows the 


ral construction, 


\ print could then be made from 


surface, using high enough cur- 
density to assure that some of 
element had been driven into 
gelatin paper. Subsequent devel- 


zoinoxime test for copper. On_ the 


original print, the spot in the upper 


left-hand corner (mirror position for 
copper as shown in Fig. 3) showed 
up as a dark green, thus indicating 
the presence of copper. The dark 
spots on the right side of this print 
were not very pronounced, despite 
their dark tone in the’ black-and- 
white reproduction, and were, from 
top to bottom, a light brown for 
cobalt, a light pink for silver, and a 
light orange for iron, Figure 5 shows 
an unsatisfactory print. In this case, 
an attempt was made to test for 
Silver using dithizone. The large 
dark area on the right side of the 
figure (next to the top), which was 
violet in color on the original print, 
showed that a satisfactory test for 
silver had been obtained. However, 
a number of the other chemical ele- 
ments present also printed out 


strongly, some being in colors very 


Fig. 4 Satisfactory Print With Test Fig. 3 


for Copper (Upper Left) Which Shows 
Characteristic Color and Intensity 


ent of the paper in a= certain 


nt would show the colors of the 
ucts formed with each of the 
el and in this way any inter- 
by reason of similarly col- 
ducts could be determined. 
ect, one print using the sample 
uld tell as much about color 


neces as 18 tests with pieces 


T dividual elements. 


such prints are shown in 
Pando. Figure 4, which shows 


ctory print, used ben- 


similar to that) produced by the 
silver. 

In general, it was found that the 
most troublesome interferences 
occurred when two elements formed 
compounds of similar colors with a 
siven reagent. If compounds of di 
ferent colors were formed, it) was 
still found practical to use the 
reagent in certain cases, provided 
(a) the compound formed with the 
interfering element relatively 


light in color and intensity, or (b) 
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Test Block, About 2% by 3 In. 
: in Area, Containing Samples of 18 Metals 


the two elements occurred at differ- 
ent locations on the surface. 

In other cases, it was found that 
the presence of one element would 
prevent the formation of a certain 
compound of another element but, 
once again, if the two elements 
occurred at different locations on the 
surface of the specimen, no difliculty 
was encountered. An example of 
such an interference occurred in the 
detection of iron in an 18-8 stainless 
steel by means of the well-known 
ferricyanide test, such a test vielding 
a negative result. However, if the 
ferrocyanide test was used, a posi 
tive test for iron resulted. In this 
case, it appears that under the influ 
ence of current the chromium pres 
ent dissolved as the chromate; the 
chromate then oxidized all of the 
iron to the ferric state, wherein it 
could be detected only by the fer- 
rocyanide test. (Separate tests veri- 
fied the fact that ferrous iron could 
not be detected in the presence of 


chromate.) 


Unsatisfactory Test for Silver 
(Neat to Top at Right) Gives Similar Col 
ors and Intensities for lron and Manganese 


Detection of Inclusions 


By means of sheet specimens, into 
Which small pieces of certain ele 
ments had been pounded to represent 
inclusions, electrographic tests were 
made to determine definitely whether 
the elements forming the artificial 
inclusions could be detected in the 
presence of the sheet materials. The 
results of these tests are shown in 
Fig. 6 to 9 inclusive. 


Tests were made for iron inclu- 


| 
: 


| 
| 
| 
Gr) [57] Bel | | 
th 
| 
| 


Sions In copper, lead, zine, and mag- 
nesium using the ferricyanide test 
(Fig. 6), for copper inclusions in 
lead, zine, and magnesium using the 
benzoinoxime test (Fig. 7), for lead 
inclusions in copper, zine, and mag- 
nesium using the chromate test (Fig. 
8), and for nickel inclusions in cop- 
per, lead, zinc, and magnesium using 
the dimethyl glyoxime test (Fig. 9). 
As evidenced by the spots which are 
apparent in’ the photographs, the 
inclusions were readily detected in 


all cases, and the shape and position 


Fig. 6 to 9 Detection of 


Iron Inclusions, by Ferricyanide Test 


material was anodic to the inclusion, 
and current was necessary to polar- 
ize the entire specimen to the open- 
circuit potential of the more cathodic 
inclusion before solution of the inclu- 
sion could occur. 

Using this same type of specimen, 
the minimum current density 
required to detect an iron inclusion 
in a piece of sheet zine was studied 
under certain fixed conditions. Using 
the ferricyanide test as described in 
Table | and passing the current for 


30 sec., a series of prints was made 


~ 


different minimum eu 
value would exist. In 
tion, the time of curr: 
also be important, sin 
density might be used 
drive a certain § elem 
paper but at such a slo 
concentration sufliciently 
detected by a given rx 
not be reached in a give: 
ever, if the same cur 
allowed to flow for a suffi 
time, a high enough co 
would undoubtedly result 


Fig. 7 Copper Inclusions, by Benzoin: 


Iriifictal Inclusions in Sheets of Material as Noted 


| \ 
Fig. 8 Lead Inclusions, by Chromate Test Fig. 9 Nickel Inclusions, by Dimethyl Glyoxi 


of the spot corresponded to the shape 
and position of the artificial inelu- 
sion. In addition, the colors of the 
spots in the original prints corre- 
sponded to the characteristic colors 
produced by the reagents used. It 
will be noted that a background color 
exists in the two engravings showing 
inclusions in copper, but in the orig- 
inal prints, this was light in color 
and did not confuse the test in any 
way. It was also found that the blue 
ferro-ferri-cyanide formed print- 
ing iron inclusions in zine faded 
rapidly to a dirty gray within a few 
hours. Such rapid fading did not 
occur when iron inclusions in the 
other metals were printed by the 
same method, 

It is apparent that in a few of 
these tests the inclusion was anodic 
to the sheet material, and that mate- 
rial from the inclusion would dis- 
solve without the passage of current. 
However, as previously mentioned, 
it was found that the electric current 
produced a more definite and posi- 
tive test in a shorter time. In most 


of these tests, however, the sheet 


of the piece of zine sheet containing 
the artificial iron inclusion’ using 
varying current densities. These 
indicated that under the conditions 
of test a current density of 0.003 
ampere per sq.cm. had to be reached 
before the inclusion could be 
detected. 

Under similar conditions and 
using the benzoinoxime test as 
described in Table I, prints of the 
piece of magnesium sheet containing 
the artificial copper inelusion were 
made. Figure 10 shows that a cur- 
rent density of 0.013 ampere per 
sq.cem. had to be reached before the 
inclusion could be detected. It will 
be noted that a more positive test 
was obtained as the current density 
was increased above the minimum. 

While the actual current density 
values are not significant in them- 
selves, they do demonstrate the fact 
that a minimum current density must 
be exceeded before a more cathodic 
material can electrographically 
detected in the presence of a more 
anodic material. If any one of a 


number of variables were altered, a 
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Ltility of Test 


The electrographic method 
has been described has bes 
good advantage in nu 
instances. Certain of the tes 
ducted with artificial ine! 
which were described pr 
have been used to detect and | 
actual inclusions whose pres¢ 
known but whose identity 
unknown or merely suspect! 
particular, small inclusions 
rolled aluminum sheet were 
and found to consist largely 

Porosily Tests Consid 
work has also been don 
determination of the 
metallic coatings. By mal 
trographic prints and t 
iron, the porosity of coati 
aluminum, and zine on s 
been studied. In these 
the presence and the lo 
the pores could be dete 
the blue spots, which wer 
ror images of the pores tn tf 
lic coatings. 

In the case of a tin ce 
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wl 
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: 
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i 
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— 
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ight) Contact Print (Above) and Elec- 


int (Below) of Galvanized Iron Known 
No Indication Ewisted on the Former: 
Vany Blue Spots Located the Pores 


iron is anodic to the tin 

in most solutions and 

could be dissolved by 

the self-generated cur- 

rent of the iron-tin cell. 

As a matter of fact, con- 

tact prints, in which a 

piece of paper moistened ' 
with a ferricyanide solu- 

tion is placed on a spec- 

imen of tinplate, have 

been widely used for 
such porosity determi- 
nations. However, it was 

found that the electro- 
graphic ferricyanide test 

was much faster, since 
satisfactory prints could 

be made in seconds rather than minutes. 

Zine coatings constitute a different con- 
dition, being anodic to the iron in most solu- 
tions. As a matter of fact, considerable 
difficulty has been encountered in obtaining 
a satisfactory method for determining the 
porosity of zine coatings on iron or steel. 
When the contact method of printing was 
attempted, the iron did not go into solution, 
since it was electrochemically protected by 
the zine and hence was not detected. It was 
found that an electrographic method was 
ideally suited for such a case, since the cur- 
rent polarized the zine beyond the open- 
circuit potential of the more cathodic iron, 
vith the result that the iron went into solu 
tion and thus could be detected. Figure 11 
compares the contact and electrographic 
prints of a specimen of iron known to have 
a porous zine coating. The contact print 
shown indicates no porosity; however, the 
electrographic print: satisfactorily indicates 
it, the location of the pores being evident as 
blue spots on the original print. 

Similar conditions were found when test 
ing an aluminum coating on steel. The coat 
ing prevented the solution of iron at the 
pores unless an electrographic method was 
used. The contact print shown in Fig. 12 
indicated no porosity. On the other hand, 
the electrographic print revealed the true 
porosity of the coating, the location of the 
pores being shown by blue spots on the orig- 
inal print. 

Some difficulties may be encountered if 
the coating is either very thick or very thin, 
If the coating is thick and the pores rela 


tively small and deep, the solution in the 


Effect of Current Density in Amperes per Sq.Cm, on the 


fion of an Artificial Copper Inclusion in Magnesium Sheet 
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gelatin paper may not contact 
the material at the base of the 
pores. Hence, a complete 
electrical circuit will not 
exist, with the result that the 
material at the base of the 
pores will not be driven into 
the gelatin. In such cases it 
is often helpful to place excess 
solution on the surface of the 
gelatin paper so that some of 
it will be forced into the pores 
when pressure is applied. 

In samples where the coat 
ing is very thin, the electro 
graphic test may remove 
suflicient material from the 

surface of the specimen to lay 

bare the material under the 

coating, with the result that 

pores which did not origi 

nally exist will be created. In 

such cases it is best to pass 
the current for as short a time as possi 
ble so that very little of the entire sur 
face will be dissolved, 

Identification of tlloys 


graphic tests have also been used to good 


Electre - 


advantage in the identification of alloys. 
It was found possible to distinguish 
commercial aluminum from the alumi 
num-copper-magnesium alloys (such as 
the duralumin type alloys 17S-T and 
24S-T) by making prints and testing for 
copper. In another test, two sheets of 
an aluminum-copper-magnesium alloy 
having a coating of high purity alumi 
num (alelad 24S8-T), 
been heat treated long enough for the 


one of which had 


Fig. 1? frographi Vethods (Left) 
tre Better Than Contact Prints for Show 


ing Porosity in Aluminum Coated Steel 


copper to diffuse from the base metal to 
the surface of the high purity coating, 
were distinguished by making prints and 
testing for the presence of copper. In 
still another case, two lots of 18-8 stain 
less steel, one containing 1 of molyb 
denum, were separated by printing and 
testing for molybdenum. 

Another experiment was with a group 
of 13 sheet specimens, identified only by 
number but among which were known 


to be nickel, cupro-nickel, 5 and 13 


sit | 

16 

| 


chromium steels, chromium, 
&% nickel stainless steel, and chro- 
mel. By printing and testing for 


iron, chromium, nickel, and copper, 
the Table Il 


obtained. A subsequent check of the 


results given in were 


numbers indicated that the alloys 
had been identified correctly. 
Sensitivity In addition to the 
data which have been presented con- 
cerning the amounts of the various 
elements which certain reagents 
would detect, data have been 


obtained on the amounts of some of 


the elements which could not’ be 
detected. Tests with series of 
aluminum-copper alloys, using a cur- 
rent density of 0.05 ampere per 


sq.cm. for 30 sec., revealed that the 


benzoinoxime test would give a posi- 


In certain cases, such as those deal- 


ing with alloy identification, it would 


obviously be desirable to tell not 
only whether or not a certain ele- 
ment existed on the surface of a 


specimen, but also in what quantity 
it was present. The tests described 
have so far proven satisfactory only 
for qualitative determinations. For 
chromium 


distinguished, 


instance, 5% and 


steels could not be 
since a strong test for chromium was 
produced both How- 
the conducted the 


binary aluminum-copper alloys indi- 


with alloys. 


ever, tests on 
cated that more dense colorations are 
the 


as the amount of copper present in 


produced by benzoinoxime test 


solid solution in the alloys increased, 


Hence, it appears entirely possible 


Table Il — Identification of 13 Alloy Sheets by Electrographic Methods 
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elements 


reagents) have therefore 
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certain elements. The | 


emine 


ntly 


satisfactory 


tion and identification of 


for 


the identification of the typ: 


and for the determination of 
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apply 
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Information supplied by the National Safety Council 


Labor, particularly inexperienced labor, cannot be ment and shop traffic have been installed, two fac- 
expected to recognize the full penalties of careless- tors — education and eternal vigilance — determine 
ness in the shop. Management has assumed the re- the real effectiveness of any safety program. 
sponsibility of supervising safety measures, and has Both are the responsibility of the supervisory staff, 
cooperated in establishing sound safety rules. from foremen up. The foreman who does a thorough 
Nevertheless, the large increase in labor personnel job of educating his particular group in safety rules 
due to war needs, plus the influx of inexperienced and cooperative enforcement has done much to cut 
men, have resulted in a substantial increase in lost down accidents. Management that takes an active 
time accidents. interest in both safety education and the enforcement 
Even assuming that the obvious safety measures of safety measures has taken a great step forward in 
with regard to operating machinery, electrical equip- reducing wastage of irreplaceable production time. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS, 
MOLYBDIC OXIDE—BRIQUETTED OR CANNED © FERROMOLYBDENUM © “CALCIUM MOLYBDATE” 


Climax noe Company 


500 Fifth Avenue - New York City 
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P. H. Brotzman @ has left the 
American Fork & Hoe Co., where 
he was assistant metallurgist, and 


Personals 


has accepted a position as chief 
metallurgist, Parker Appliance 


C. H. Mathewson ©, chairman Co.. Cleveland. 


of the department of metallurgy 

ye at Yale University, has been J. E. von Maur @ has been ap- 
sia elected president of the American pointed representative of Ameri- 


can Gas Furnace Co. of Elizabeth, 
N. J., throughout the State of 
Ohio, with offices in Columbus 
and Cleveland. 


Institute of Mining and Metallur- 
gical Engineers. Charles H. Herty, 
i) Jr. G, assistant to vice-president, 
Bethlehem Steel Co., is director. 


~Gtuart Qi! Products 


TUART OILS have led 
the attack on tough 
metal working problems 
for many years. Take ad- 
vantage of the experi- 
ence behind them and, without allowing superficiali- 
ties to interfere, study your cutting fluid applications 
with the help of Stuart Oil Engineering Service. 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 
Chicago, U.S.A. ° LIMITED * ‘Est. 1865 
Werehouses in All Principal Metal Working Centers ‘ 
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Newly elected offic: f the 
International Acetylen i. 
tion: Ellsworth L. Mills vic, 
president, Bastian-B}, g Co 
president; Glenn O. Ca; ea 
sulting engineer, The | \ir 
Products Co., vice-p: lent 
Herbert F. Reinhard, ; 
secretary; and Philip Kearny. 
president of K-G Welding and 


Cutting Co., treasurer 


Walter R. Meyer ©, | erly 
editor of Metal Finishing and 
Plating and Finishing Guideboo} 
has become technical director oj 
The Enthone Co., New 


Conn. 


Haven 


H. L. Harvill @ has announced 
his re-entrance in the field of air- 
craft die castings as head of his 
own organization, the H. L. Har- 
vill Co., Los Angeles. S. L. Gleason 
© is metallurgist for the new 
company. 


Promoted by Allegheny Lud- 
lum Steel Corp.: W. E. Griffiths 
©, formerly manager of the prod- 
uct development department, to 
assistant manager of sales, flat 
rolled products. 


Victor Brown ©, former) 
metallurgical contact representa 
tive, Republic Steel Corp., South 
Chicago plant, has been appointed 
metallurgist for Kropp Forge ¢ 


Chicago. 


Gale S. Hanks @ has resigned 
as assistant metallurgist at 
Frankford Arsenal, Philadelphia, 
to accept position as senio! 
engineer for Remington Arms 
Co., Inc., at the Denver Ordnance 
Plant, Denver, Colo. 


Appointed by War Production 
Board: Edwin H. Brown, ens 
neering vice-president o! the 
Allis-Chalmers Mfg. Co.. as VSSISI- 
ant chief of the Iron and Stee! 
Branch in charge of the plant 
facilities section. During his 
absence, Forrest Nagler chic! 
mechanical engineer, will be 1° 
charge of the Allis-Chalmers 
engineering and developm 


partment, 


| 
q 
4 
9 
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‘ War can’t wait—not even for Christmas. 

rt So please don’t make Long Distance 


calls to war-busy centers this Christmas 


\ 


unless they’re vital... se. system A) 
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Personals 


Elected president of National 
Bronze & Aluminum Foundry 
Co., Cleveland: John L. Schmeller 
©. formerly executive vice-presi- 
dent. 


Charles R. Foreman ©, for- 
merly in the metallurgical de- 
partment of Olds Motor Works at 


Lansing, Mich., is now a member 
of the metallurgical department, 
Park Chemical Co., Detroit. Earl 
H. Seelbach @ represents the 
company in northern New York 
from Syracuse to Buffalo, includ- 
ing Ontario, Canada. 


Oscar Sander ©, formerly 
with Emerson Electric Co., St. 
Louis, is now supervisor of heat 
treating, Gear Grinding Machine 
Co., Detroit. 


Pittsburgh, Pa. 


Oliver Has the Answer 


Two A. G. F. Reciprocating Heating Machines with 
Automatic Quenching Tanks are the answer to the harden- 
ing problem of the Oliver Iron and Steel Corporation, 


Five hundred pounds per hour of the various nuts, bolts 
and fasteners made by this progressive firm are hardened 
by each machine without scale or decarburization in the 


Gas Furnace Co. 


Elizabeth, New Jersey 


full muffle which permits the use of any desired atmosphere. 


Work only enters and leaves the heat while the reciprocat- 
ing muffle remains in the furnace all the time, thus avoiding 
the constant heating and cooling to which other types of 
conveyors are subject, wasting heat and shortening the life 
of alloy parts. Time cycles may be varied by adjusting the 
frequency, length, and force of strokes. 


Write today about your problem 


REPRESENTATIVES 
IN PRINCIPAL 
CITIES 
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E. J. Hergenroeth« for. 
merly with the Con vation 
Division of the War | luction 
Board, is now consult Metal. 


lurgical and Specificati ns See. 
tion, Iron and Steel Branch. 


D. F. Armiento ©, rmerly 
assistant metallurgist, search 
laboratory, Carnegie-Illinois Stee] 


Corp., is now with Frankford 
Arsenal, Philadelphia, as 
ate metallurgist. 


associ- 


John Howe Hall © has given 
up his consulting practice and js 
now with General Steel Castings 
Corp., Eddystone, Pa., as metal. 
lurgist. 


Anson B. Albree, chairman of 
New Haven Chapter @ War Prod- 
ucts Advisory Committee, and 
formerly purchasing agent and 
metallurgist, Bridgeport Grinding 
Machine Co., is now associated 
with the A. F. Holden Co., West 
Haven, Conn., assigned to re- 
search and development of new 
products. 


John R. Ramson, Jr. @, 
formerly apprentice engineer, 
Carnegie-Illinois Steel Corp. 
Homestead Works, is now engi- 
neer with the Glenn L. Martin 
Co., Baltimore. 


Paul P. Bauernschmid 6 has 
left his position as chief designer 
with the Chandler-Evans Corp., 
South Meriden, Conn., and is now 
design engineer for the Water- 
bury Tool Division of Vickers, 
Inc., Waterbury, Conn. 


George L. Mitsch @, formerly 
with Midvale Co., Philadelphia, is 
now with Eastern Aircraft Tren- 
ton Division of General Motors 
Corp., working on special assign- 
ments particularly in the com 
servation of critical materials. 


Cleaveland F. Colburn @ has 
terminated his work as foundry 
engineer for Goulds Pumps, Sen- 
eca Falls, N. Y., to become plant 
metallurgist at the Lawrance 
Engineering & Research Corp» 
Linden, N. J. 
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Personals 


Robert H. McKean 6, for- 
merly chemist and metallurgist, 
National Malleable and Steel 
Castings Co., Sharon, Pa., is now 
assistant metallurgist at Frank- 
ford Arsenal, Philadelphia. 


Charles D. Young &, formerly 
district manager of Metal & Ther- 


mit Corp.’s Chicago office, has 
been appointed sales manager of 
the Welding Division of the cor- 
poration in New York. 


Donald W. White, Jr. &, for- 
merly associated with the metal- 
lurgical department of Crucible 
Steel Co. of America, Sanderson 
Works, is now employed as a 
metallurgist at Sylvania Electric 
Products, Inc., Radio Tube Divi- 
sion, Emporium, Pa. 


—because... 


Speed Treat machined faster with better threads 
Speed Treat increased production 60% 


Speed Treat eliminated warpage during machining 


Ductility 
Plus 
Machinability 
(170 SFPM) 


Speed Treat saved $25.00 per ton of steel used 


In this “all-out” war effort Monarch Steel is co-operating 1009. 
We're helping to “keep "em rolling’’ with Speed Treat Steel. 


Licensee for Eastern Stotes 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


Licensor 


MONARCH STEEL COMPANY 


INDIANAPOLIS 


PECKOVER’'S LTD., Toronto, Canadian Distributor 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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Welton J. Crook, t chair. 
man of the Golden ( Chapte; 
&. professor of met oy 
leave, at Stanford | ersits 
Calif., has been pro d from 
lieutenant colone! colons 
Ordnance Department tationed 


at Rock Island Arsens \Ssigned 


as technical officer and flicer j; 
charge, Steel Foundry Division 


L. G. Vande Bogart o{ Cran 
Co. has been elected eha' man of 
the Corrosion Division of th, 
Electrochemical Society; H, 4 
Uhlig & of General Electric ¢ 
has been elected vice-chairman 
and R. H. Brown, Metallyy 
Division, Aluminum Researe! 


Laboratories, has been elected 


secretary-treasurer. 


J. Earl Harrington @ has sey. 
ered his connection with Greele, 
& Hansen, consulting engin 
Chicago, to accept a_ posit 
with the War Department, Offic: 
of the Chief of Ordnance, Se: 
rity and Safety Branch, as chiet 
of the High Explosives Manutae- 
turing and Raw Materials Unit 
Chicago. 


Herbert V. Thaden 6 has 
organized the Thaden Engineer- 
ing Co. in Roanoke, Va., to servic 
various woodworking and furni- 


ture plants. 


Wallace W. Beaver 6 bias 
resigned as metallurgist, Federa 
Machine and Welder Co., War- 
ren, Ohio, to become research 
engineer, Battelle Memoria! [nsti- 
tute, Columbus, Ohio. 


Ray P. Dunn @, former!) 
charge of metallurgical inspe 
tion at Emerson Electric Mig 
Co., Turret Division, St. Lous, 
Mo., is now metallurgist with 
Doehler Die Casting Co., toledo 
plant. 


William R. McCormick ©, 
merly metallurgical enginee!, 
National Tube Co., El! wood 
Works, is now assistant chie! 
metallurgist, Tubular Al! Steel 


Corp., Gary, Ind. 


OF 
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NIAGARA AERO HEAT EXCHANGER 
offers the improved low-cost method of 
cooling quenching liquids, saving water and 
giving increased production with uniform 
physical properties and fewer rejections. 


ri 
COOLING WATER, OILS AND SOLUTIONS 


or Based on the principle of evaporative cooling, the NIAGARA 
AERO HEAT EXCHANGER saves 95°; of the cost of cooling 
water, saves power and costs less to install in both large and small 
installations. It is applied to a wide variety of industrial liquids, includ- 
ing quenching liquids, jacket water, broaching, grinding, machining, 
cutting, rolling, and drawing coolants and lubricants. Closed system 


r NIAGARA AERO HEAT EXCHANGER 


NIAGARA BLOWER COMPANY 


Dept. MP-122 
General Sales Office: 6 E. 45th Street, New York City 


37 W. Van Buren St., Chicago, Il 
Fourth & Cherry Bldg... Sc gore Wash 
674 Ontario St., Butta Y 


prevents contamination. Write for Bulletin 90. 


= District mn Principal Cities 


INDUSTRIAL COOLING e HEATING e DRYING 
HUMIDIFYING © AIR ENGINEERING EQUIPMENT 


NIAGARA 


FILL IN — TEAR OUT — AND MAIL 
CLAUD S. GORDON COMPANY 


ESTABLISHED 1914 


High Temperature Industrial Engineers . . . Pyrometer 
Furnace .. X-Ray ... Metallurgical 


3000 S. Wallace St. ° Chicago e Tel.: Victory 6525 


Send, without obligation:— 
Free copy of new, completely descriptive, illustrated catalog. 
,. | Mark an “X” opposite any of the products below upon which you would like us to mail com- 
' plete “‘no obligation” details as to price, product and profitable application. 
TODAY — DELIVERY IS PROMPT — INQUIRE NOW 


BLOWERS FURNACES, ELECTRIC PYROMETER SUPPLIES 
BRINELL MACHINES INSULATORS, Porcelain SCLEROSCOPES 
BRINELL ACCESSORIES LEAD WIRE (Pyrometers) SWITCHES (Pyrometer) 
CABINETS FOR PYROMETERS AND MICROSCOPES TESTING MACHINES 
SWITCHES METERS, WATER THERMOMETERS (Control) 
CHART PAPER OIL BURNERS THERMOCOUPLES 
CINCH STEEL CEMENT OVENS, Industrial THERMOCOUPLE ACCESSORIES 
CONTROLLERS OVENS, Laboratory THERMOCOUPLE ALLOY 
FLAME-O-TROL POTENTIOMETERS THERMOMETERS 
FLANGES, Cast Iron for Tubes POTS, PRESSED STEEL OR ALLOY VALVES 
FURNACE ACCESSORIES PROPORTIONAL MIXERS WIRE (Thermocouple) 
FURNACES, GAS PROTECTING TUBES X-RAY SERVICE 
FURNACES, OIL PYROMETERS 

Firm Address 

By _ Title 

City State 
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Personals 


Col. Glen F. Jenks @ has re- 
tired from active service with the 
U.S. Army and accepted posi- 
tion as consulting engineer, 
Taylor-Winfield Corp., Warren, 
Ohio. 


W. C. Heaslip @, formerly 
superintendent of the shell torg- 


ing plant of General Railway Sig- 
nal Co., Rochester, N. Y., is now 
with Rheems Mfg. Co. as superin- 
tendent of the Birmingham, Ala., 
plant. 


D. A. Wigton @ has left his 
position as metallurgist with 
National Tube Co., Lorain, Ohio, 
to become metallurgist in the als- 
minum foundry of the Dallas, 
Texas, branch of the Willard 
Storage Battery Co. 


PANGBORN ENGINEERING AIDED JU. S. 


INDUSTRY PREPARE TREMENDOUS | 


RESERVES OF WAR STOCKS REQUIRED 


FOR THE 2ND FRONT OPENING IN AFRICA 


“BLAST CLEANING” IS QUICKEST 
WAY TO “MORE OF EVERYTHING” 


AIRPLANES e TANK PARTS 
SHIP PARTS «© ORDNANCE 


It took millions of pounds of castings, forgings, 
heat-treated parts, stampings, etc., to equip 
and transport a great U. S. Force like that 
which opened the second front in Africa. 
Only the teamwork of great industries working 
together accomplished the task. At Pangborn 
we worked with every mind and muscle to 
make Air and ROTOBLAST equipmert avail- 
able for EVERY WAR CLEANING NEED. Our 
aim—the BEST blast cleaning equipment ever 
built—shipped to production points as quickly 
as human resourcefulness allowed. 

There is still much to be done. The war con- 
tinues to hinge on metal products. FOR MORE 
PRODUCTION COME TO PANGBORN. We 
can and will help you. Write or wire. 


PAN GBORN 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 


PANGBORN CORPQRATION 


. . HAGERSTOWN, MARYLAND 
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Glen C. Ware @ | 
as assistant professo hy 


try at Oregon Stat 


t 
become associate st wit} 
the U.S. Bureau of Inter 
mountain Station at It Lak. 
City, Utah. 

S. Proctor Rodgers @& left 


the Consolidated Gia Electr 


Light & Power Co. of ltimor, 
and is now chief of the Fuel Se, 
tion of the Army and Navy Muni 
tions Board in Washington 


G. R. Fitterer &, of th depart 
ment of metallurgy of University 
of Pittsburgh, has been appointed 
director of research of the newh 
formed Acid Open-Hearth R, 
search Association and J. W, Lin. 
hart is research metallurgis} 
H. G. Grim is chairman, F. 
Allison @ is vice-chairman, F, ¢. 
T. Daniels @ is secretary, and 
R. C. Heaslett @ is treasurer. Th 
executive committee consists of 
George S. Baldwin @, H. E. Dowie 
Walter H. White &, J. S. Zahn, 
J. L. Nichols, E. H. Harder, E. 
Mebs ©. W. E. Harvey ©, ani 
Herman P. Rassbach ©. 


Orien Simmons ©, former!y 
instructor in chemical engineer- 
ing, Rose Polytechnic Institute, 
Terre Haute, Ind., is now research 
engineer, Battelle Memorial Insti- 
tute, Columbus, Ohio. 


Sydney J. Waters former!) 
research project enginee! 
Northrop Aircraft, Ine., is nov 
consultant, aircraft division, \ 
lvs Overland Motors, Toled 
Ohio. 


Robert Rennie has | 
chemical and metallurgica! 
partment of the Westing! 
Electric & Mfg. Co. at Bloomflic 
N. J.. and is now metaliurgts! 
with the Vascoloy-Ramet ¢ 
North Chicago, Hl. 


Robert A. Smith ©, ! 
metallurgist with Sears, 1 


& Co., Chicago, is now ! 


the metallographic and he 
ing laboratories at Dodge-‘ 
plant of Chrysler Corp. 
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Alloy steels for planes, and planes for victory— 
that is one of the formulas in which Molybdenum, 
Tungsten, and Boron are of major importance. 
Whether planes o: ships, tanks or guns, are looked 
to for success in the war, superior steels are 
required and alloying elements are indispensable. 
Minutely weighed, measured out, and apportioned 
{ur use, such materials might well be the subject 
of daily headlines. If everybody were a metal- 
lurgist, every new increment of supply, every new 
drain on existing reserves, might be bulletined like 
the rise and fall of battle, and everybody would be 
on tiptoe for the latest word. 


On the current availability and most approved 
uses of Molybdenum, Tungsten, and Boron, corre- 


MOLYBDENUM 
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spondence will be welcomed by the Molybdenum 
Corporation. 


AMERICAN Production, American Distribution, 
American Control—Completely Integrated 
Offices: Pittsburgh, New York, Chicago, Detroit, 

Los Angeles, San Francisco, Seattle 
Sales Representatives: Edgar L. Fink, Detroit; H.C. 
Donaldson & Co., Los Angeles, San Francisco, Seattle. 


| 


~_ 


CORPORATION OF AMERICA 


GRANT BUILDING PITTSBURGH, PA. 


sti- ‘ | 
Alloys for 


chief metallurgist for Tubular 
Alloy Steel Corp., Gary, Ind. 


Personals 


First Lieut. William F. Silsby 
James O. Johnson G, formerly %, formerly of Pittsburgh, is now 
in the Department Engineer 


chief product engineer of Air- 
craft-Marine Products. Ine. Office, Fort Shafter, Territory of 
Elizabeth, N. J., has been made Hawaii. 


assistant merchandise manager. 
Austin Hiller formerly 


metallurgical engineer, Planning 
and Utilities Division, Pittsburgh 
Ordnance District, is now process 


Howard A. Smith @, formerly 
with Universal-Cyclops Steel 


Corp., Bridgeville, Pa., is now 


s Modern production facilities combined with experience and 

a complete laboratory research and tests, enable Jessop to 
produce quality tool, die and specialty steels. These steels 
are made in electric furnaces of the newest type in which 
alloys of a number of elements can be added and controlled 
within close limits. Inherent and apparent grain size can be 
controlled and soundness and purity maintained at higher 
levels than ever before. Important, too, is our highly trained 
field staf which is cooperating with users and helping them 
to meet the insistent demands + more steel. 


The name Jessop has been associated with 
making fine steels for over 168 years. 


JESSOP STEEL COMPANY 
WASHINGTON, PENNA., U. S. A. 


FOR AMERIC 
AND HER ALLI 


STEEL 


TEELS 


CARBON . HIGH SPEED - SPECIAL ALLOY - STAINLESS . COMPOSITE 
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development engine: 
Arms Co., Ine., Brid: Cou 


Lloyd T. Pearce ¢ 


lormer 


metallurgist, Allis-C! s Mf 
Co., Laporte, Ind., is Pe. 
lurgist, Oldsmobil, 


Division, Janesville. \ 


Robert A. MecClou 6. 
inerly with Ford M C 
now process engineer, Devel) 
ment and Engineering Pijyisj 
Henry J. Kaiser Co., Oakla) 
Calif. 

Roy Erwin Swift &, forme; 


with the department of mecha; 
cal engineering of Louisiana Sto 
University, is now instructor 
metallurgy for the Schoo! 
Mines, University of Alaska 


A. G. Bucklin ©, former) 
metallurgical engineer, researc! 


laboratory, Crane Co., Chicago, js 
now research assistant in mets 
lurgy, Massachusetts Institut 
Technology. 


Raymond L. Costa @ has 
his position as tungsten meta 
gist with RCA to join the resear 
staff of the Mutual Chemical | 
of America at its Baltimore plant 


William E. Ashe ©, form 
assistant superintendent ot 
fine wire mill, Wickwire-Spen 
Steel Co., Buffalo, is now ass 
ated with Worcester Stamp Me! 


Co., Worcester, Mass. 


James H. Dodge, chair: 
Toledo Group of Detroit Cha 
district 
Electric Steel Co. in 
transferred to 


manager for Lal 
Toledo, | 
been Hart! 
Conn., to take charge of the 

England territory. 


\ 


Donald B. Graves @ 
employed by the Federated Me! 
Co. at the Central Research Lal 
oratory of American Smelting & 
Refining Co., Barber, J. 
assistant metallurgist. 


Transferred by Republic > 
Corp.: R. W. Farley 
field engineer, Lubbock, exes 

ties 


metallurgical department! 
land. 
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Lives of Men in the Armed 
Forces Depend on the Best 


drmament that Can Be Produced 


The soldier behind the machine gun . . . the crew of the 
tank... and the gunners in the Flying Fortresses de- 
pend on us — the producers of America for the best 
that can be made .. . guns and bombs and shells that 
will never fail them. 


Accurate heat treating of these vital implements of war 
is the final step to perfection, so to provide manu- 
facturers with the best, Continental has engineered 
and built furnaces that insure success. 


These Continental Furnaces have met Nation-wide 


FURNACES 
for 
VICTORY 


CONTINENTAL INDUSTRIAL 


ENGINEERS, INC. 


£156 Livernols Ave. 3916 Farragut Rd. 
Detroit Brooklyn 


AND 
PERFECTION 


approval and are serving the war needs from Coast to 
Coast. Back of each successful installation is the ex- 
tensive organization of trained engineers who have 
earned Continental its reputation as a leader in the 
design and manufacture of automatic furnaces and 
automatic machinery for war production. 


Continental can supply your production needs 
promptly. For detailed information phone, wire or 
write today. 


On one single order Continental equipment heat 
treats 350,000 pounds of steel per hour. 


FURNACES FOR TO PRODUCE 
CARBURIZING TANK PARTS 

* * 
NITRIDING AIRPLANE PARTS 

* * 
NORMALIZING SHELLS AND BOMBS 

* * * 
HARDENING GUNS 

* * 
BRIGHT ANNEALING DESTROYER TUBES 

* * 
FORGING ENGINE PARTS 

* * 
HEAT TREATING SHELL CASES 
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Precision in Creep Testing* 


By J. 


1. Fellows, Earnshaw Cook and H.S. Avery 


€ INCREASED use of heat resist- 
ant alloys has required crit- 
ical studies of the basic causes of 
variations in service, tech- 
niques of investigation have been 
refined and new test methods 


and instruments created. For 


example, the creep test labora- 
tory at American Brake Shoe and 
Foundry Co. utilizes 1000-hr. 
tests in the range of 1200 to 
2200° F., with applied stress 
ranging at will from 50 to 50,000 
maxXi- 


psi. In the furnaces a 


A 
VALITY PROOUCTS 
SINCE 1908 
A 


» 


Shell Cases 


The substitution of steel for brass in the manu- 
facture of cartridge and shell cases required 
considerable research in the selection of a 
suitable deep drawing steel having the de- 
sired physical properties. 

Of equal importance is the selection of Heat- 
Treating Equipment capable of uniformly 
producing cases in which these properties 


have been retained. 


R-S Furnaces for intermediate and final anneals 
will meet the most exacting requirements. 
Ask for details and constructive suggestions. 


FURNACE DIVISION 


R-S PRODUCTS CORPORATION 


128 Berkley St., Philadelphia, Pa. 


Annealing + Car Hearth + Continuous Conveyor 
Forging + Billet Heating + Plate and Angle Heating 
Convection + Rotary Hearth + Salt Bath » Metal Melting 
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mum temperature 


1° F. is maintai; 


ve 
f-in. gage length: un 
maintained by a judic nee of 
shunts in the heating 
Earth temperature sed as 
the reference point nti 
since extension leads sed it 
rubber-insulated, lead ithed 
cables are sunk 32 f; thn, 
ground. The total cha: f the 
cold-junction temperature during 
the year is within 1.5° F. 


measured by an iron-constanta; 
thermocouple. It is interesting 
to note that this temperature lags 
approximately six months behind 
that at the surface. 

Effect of Cyclic Temperatur, 
Variations Upon Creep Rat 
Temperature control when test 
ing austenitic alloys deserves 
special emphasis, for it was dis- 
covered that a variation of 1() 
F. in a 7-min. cycle increases th 
creep rate six-fold. 

In regard to the _ thermo- 
couples the chief difficulty is 
encountered in maintaining ¢ 
stant calibration. Oxides of chi 
mium and iron volatilized fron 
the test bar condense upon th: 
leads and caus 
Wher 


radients exist 


thermocouple 
serious contamination. 
sharp thermal 


errors as high as 27° F. have been 
detected. To avoid this situation 
gas-light) alundum protection 
tubing has been secured. Ther 
mocouples are spot-welded to th 
specimen to establish good thei 
mal contact. This has no detect- 
able effect upon the calibration 
Elongation is measured 
means of a telescope sighted 
Pt, Rh extensom 
spot-welded to each side ol 
telescope 


ters 


the 


gage length. The 
similar to the design adopted by 
the creep laboratory of the l. > 
Steel Corp., with a moditied 
mount, calibrated with a stig 
micrometer. Cross-hair sellings 
upon the extensometers permit 4 
(Continued on page 109 


*Abstracted from Technical 
Publication No. 1443, Americ’ 
Institute of Mining and Metallur- 
gical Engineers, 1942. 
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FLINN & DREFFEIN FURNACES ARE ENGINEERED FOR 


During the days of World War I, Flinn & 
Dreffein furnaces were producing war muni- 
tions. Today, this long experience is play- 
ing an invaluable role in the heat treating 
of metals for the new type weapons of 
World War II. 


Because of these long years of experience, 
our engineers can be of inestimable value 
to the manufacturers who must install fur- 
naces for heat treating . . . or who must con- 
vert many standard types of furnaces to war 
production. 


{ssociated Company 


WEAN ENGINEERING 


COMPANY, INC. 
WARREN, OHIO 


The Flinn & Dreffein organization can take 
over your entire heat treating problem .. . 


designing, engineering and construction. 


Consult us on furnaces for forging . . . hard- 
ening ... annealing... drawing... car- 
burizing sheet and pair... plate heating... 
and continuous conveyor furnaces of all 
types. Controlled atmospheres . . . special 
atmospheres . . . quenching and heat treat- 
ing machines and specially designed equip- 
ment of every type. 

Whenever you call Flinn & Dreffein you are 
sure of “on the job” performance. 
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(Continued from page 1088) 
daily determination of flow in 
the specimen. Calculation of the 
human error in observations, of 
the mechanical uncertainty of 
the filar eyepiece, and of the 
thermal expansion of the coupon 
for 1° F. deviation, indicates a 


possible variation (when none of 


these factors are mutually com- 
0.000026 in. per 


in., or approximately 2.5 times 


vensating) of 


the precision of plotting. 
Evaluation of Results: Exper- 
iments have proved that stress- 
strain-rupture tests can serve as 
abbreviated creep tests. For such 
work the above-described equip- 
ment is used with certain modi- 
fications. A gear mechanism 
adjusts the lower grip anchorage 


| Wi 


From Coast 


The Talk of the Machine Shops Wherever 

Boker's Tool Steels . 

are used ------- They Satisfy!” 
6-6-2 Tungsten 

AP ON MIO | 


For over 105 years we 
have served the industry 
and we are proud of it. 


To Coast 


18-4-1 Type High 
Speed Steel. 


gh carbon, 

air hard- 

ening bar steel 
and castings. 


H. BOKER & CO., Inc. 
101 DUANE ST. @ NEW YORK 
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to prevent the load 
from reaching its 
failure occurs. The 
is limited to 2 in. Ty 
differs only in the dk f + 
heating element to 

for the greater heat f) 

the heavy grips. The | 
furnace contains 
equivalent therma! 

Time to failure is re 

clock set in motion t} 

load is applied. Elon: 
measured by three means: Th. 
first is a selected spot ch 

the telescope sighted 
someters, as in the creep test 
Both the other two methods ys 
the motion of the upper griy 

The curve for fracture-tiny 
versus stress is extrapolated | 
indicate its possible use in for 
casting maximum attainabl, 
service life at that temp 

The need for a quantitativ: 
evaluation of the influence of 
ferrite in the microstruc! 
the creep strength of th spt 
men was soon” realized 
this purpose an instrument was 
secured in 1936 capable of det: 
mining permeabilities from 1.000 
to 300 (H 24), and so estimat- 
ing the amount of ferrite in th 
specimen at any time during 
test. The smallest interval that 
can be measured, reproducil 
is 0.008. Tests indicate thal 
increased permeability is accom 
panied by increased flow and 
decreased strength. 

In conclusion, it is) again 
emphasized that an adequat 
approach to aecurate and 
parable creep testing of nickel 
chromium alleys requires 
meticulous experimental te 
niques with special attention 
a) precision of elongation mea 


urements well within. over-all 
experimental error, pr 
cision of thermocouple calibra 


tion and special precaul 

temperature measurements 
precision of temperature | tre 
within a maximum c\ ol 
+ 0.5° F. and a desirable max 
mum variation about the ntrol 
point of = 15° F. S 
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oN’) let your heat treating problems become a 
burden. Goto a nearby commercial heat treat- 


ing plant... get the kind of service which helps you 
»aintain production ... plus the big advantage of 


, specialist in heat treating. 


When you turn over to a Commercial Heat Treater 
that part of your operation which calls for expert 
heat treating you are adding, to your own facilities, 
, fine knowledge of heat treating . . . knowledge 
.ained over many years... plus equipment for per- 
forming practically EVERY type of heat treating job. 
the Commercial Heat Treaters you will find listed 
below . plants with a specialized capacity which 
an take care of the products of a hundred war 
gdustries ... not only stand ready to help you meet 


the almost impossible production deadlines, but can 


BOSTON 


\ew England Metallurgical Corporation 
ALGER STREET SOUTH BOSTON 3315 


CINCINNATI 


the Queen City Steel Treating Company 
SPRING GROVE AVE. - KIRBY 3161 


CLEVELAND 


rhe Lakeside Steel Improvement Co. 


ELIZABETH, N. J. 


American Metal Treatment Company 
ELIZABETH 2-2121 1500 N. FRONT ST. - REGENT 7722 BAST 8255 


MILWAUKEE 


Thurner Heat Treating Co. 
209 W. NATIONAL AVE. MITCHELL 6300 


give you a skill which can mean worthwhile savings 


to you. 


These modern plants are keeping pace with growing 
demands .. . are expanding plant facilities . . . are 
installing new. modern furnaces and equipment... 
are all set to step in and help you maintain schedules. 
Often there is a simple way to do the job... a method 
which lowers cost... asystem which does away with 
costly production bottlenecks. It is the business of 
the Commercial Heat Treater to know that “short 

If you are wondering today how to meet heat treating 
problems, pick out a nearby Commercial Heat 
Treater ... from the list below .. . and let him add 


his production facilities and skill to your operation. 


Tt will PAY! 


PHILADELPHIA 


Lorenz & Son, Ine. 


Metlab Co. (Metallurgical Labs., Ine.) 
MERMAID LANE CHESTNUT HILL 3500 


Wiedemann Machine Company 
AVE. SAGAMORE S027 
PARK 2258 


NEWARK, N. J. 


Foster Steel Treating Co. 


PITTSBURGH, PA. 


MIS LARESIDE AVE. - HENDERSON 9100 220-222 CLIFFORD ST. - MARKET 3-6800 


DETROIT 


‘ommercial Steel Treating Corporation 
100 TIREMAN AVE. - TYLER 6-6086 


Commonwealth Industries 
2 COMMONWEALTH AVE. - MADISON 0573 


Alfred Heller Heat Treating Co. 
379-391 PEARL ST. - BEF AR MAN 


Pittsburgh Commercial Heat Treating Co 
Mth ST. & SCHIENLEY 6277 


NEW YORK 


Fred Heinzelman & Sons, Ine. 
154 SPRING STREET WALKER 5-2666 


WORCESTER, MASS. 


Massachusetts Steel Treating Corp. 
118 HARDING STREET BORCESTER 37972 
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the duty of all to insure that the 


should be reduced to a ; 


England Saves Tin* quality the assist users to 
is never higher than absolutely urgent need, a new 

necessary. The need for economy standards for copper al sol 

applies to all non-ferrous metals. and castings has been 1 by 

ENORMOUSLY increased Approximately one-third of the British Standards |; ' 

demand for non-ferrous all the tin used in this country which immediately sed 
metals for war purposes and goes into copper alloys. It is certain existing standard 

restriction of supplies make it essential, therefore, that tin-bear- The following gene: sid. 

necessary for the most stringent ing alloys should never be used erations should be remeimbered 

economies. It is no longer pos- if a tin-free material can be (a) Never use a non-ferroys 

sible to maintain peacetime employed, and that, where this metal or alloy unless it is certyi, 

standards of perfection and it is is not possible, the tin content that there is no substity mam. 


able which is more plentifu! 
(b) Where a non-ferrous 


material is necessary, use th 
least possible weight of the low- 
est possible grade. 

(c) Make sure that all sera 
is kept clean and free from con- 


OF SPECIAL INTEREST 
TO ALL TOOL SUPERVISORS 


never of a higher grade than is 


If you are having difficulty getting satisfactory results with absolutely necessary. 


f D ar scrap 
Moly tool bits, we may be able to help you. 


you cannot use it for approved 
purposes, sell it for prompt use 


The TUFF-HARD Moly bits (heat treated by the patented TUFF- 


HARD process) are recognized as superior all-purpose tools (e) If you are accumulating 


works residues such as skim- 


and have definitely established themselves as THE tool bit to , 
use on “tough jobs”, especially those involving interrupted a casters’ ashes and alee 
ings and cannot re-use them in 
cuts and impact applications on steel harder to machine than ; ; 
SAE 1045 annealed your own products, get official 
a ; advice as to where it can most 
. Ag Right today, they are setting records machining tank turrets, usefully be directed. 
oe flame-cut armor plate, gun housings, 40 mm. shells, etc., etc., In regard to the new British 
on 4 in some of America’s largest and best known plants. In many standard alloys, the following 


points are of importance: 
(1) Practically all require- 
ments for cast gun metals and 


instances, they replaced tungsten-cobalt high-speed steels! 


To date, insufficient steel supplies have prevented us from 
taking on new customers. Now, with the purpose of helping 
speed war production to a grecter degree, we are prepared 


brasses can be met from the fol- 
lowing alloys: For very specia' 
applications, 88-10-2 cop- 
per, 10% tin, 2% zine) and 
88-8-4; for high-grade work, 56 

copper, 7% tin, 5% zine, - 

lead; for general work, but only 


to make the following offer: 


Upon receipt of data concerning your most difficult machining 
operation on which you are using Moly steel (size of bit, mate- 
rial being cut, feed, speed, etc.), we will furnish up to six TUFF- 
HARD Moly bits for testing purposes together with special 
testing suggestions and engineering data. These will be sup- 


where a tin-bearing alloy 
essential, 85-5-5-5 Cu-Sn-Zn-l’b 
plied on memorandum charge with the bits returnable for full for general work in place of lin 
credit if they do not demonstrate unquestionable superiority. bearing alloys, type A brass; fo! 
all work where a copper alloy !s 


not required to have any spect 


Minimum priority rating acceptable—A-1-A. 


TUFF-HARD CORPORATION 
5962 Caniff Avenue + Detroit, Michigan 


TUFF-HARD 
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properties, type B brass. 
(Continued on page 10% 


*From “Economy in the 
Non-Ferrous Metals”, officia! state- 
ment of British Non-Ferrous Metals 
Control, The Engineer, Sep! 
1942, p. 235. 
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ELEVATION 


FURNACE 


HOLCROFT 
MUFFLE 
TYPE 
FURNACE 


HOLCROFT 


A WAR PRODUCTION ESSENTIAL 


quire even greater uniformity and 

quality control than ever before .. . 
for close tolerances are essentials in the 
production of many war materials. 
Controlled Atmosphere ... which Hol- 
croft helped pioneer and develop in heat 
treating furnaces ... is the answer to 
these severe requirements. 
Today Holecroft produces six general 
classes of furnaces using Controlled 
itmosphere. Namely: 


heat treating processes re- 


l. Clean or bright annealing furnaces. 


2. Short cycle malleable annealing fur- 
naces. 

3. Clean hardening, non-carburizing 
furnaces. 


1. Light case carburizing furnaces. 
5. Carbo-Nitriding furnaces. 
6. Deep case carburizing furnaces. 


Whether it is gas, oil or electric heat, 
Holeroft has the answer... and stands 
ready with experienced assistance to 
help solve heat treating problems. 


BUY WAR BONDS 


COMPANY 


6545 Epworth Boulevard, Detroit. 
In Chicago—C. H. Martin, 1355 Peoples Gas Bidg. 


In Canada—Walker Metal Products, Lid., Walkerville, Ont. 
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These 8 “Pointers” Will Help You 
Get Maximum Service from Lead 


and Cyanide Pots .... . 


l. Avoid direct contact of flame 
with pot. 

2. Remove sludge from bottom 
of pot daily or as often as prae- 
ticable. The life of the pot is in 
direct proportion to the frequency 
with which it is cleaned out, 

3. Furnace atmosphere around 
the pot should be pyrometrically 
controlled to prevent pot exterior 
from exceeding 2000 F. Amsco 
\lloy begins to slowly oxidize 
above this temperature, 

1. Do not exceed thermal capac- 
ity of bath. Pyrometer inside of 
pot should be carefully watched 
because an excessive drop in 
temperature indicates cold mate- 
rial is being charged in excessive 
quantities and too frequently. 
High rates of firing are then re- 
quired to bring up the tempera- 
ture, which reacts unfavorably on 
the pot exterior. 

5. Baths should be brought to 
operating temperature as slowly 
as possible. 

6. Use an effective seal between 
pot rim and furnace rim to pre- 
vent spillage or “creeping” of 
salts. Combustion products of all 
heat treating salts are highly cor- 
rosive and cause rapid deteriora- 
tion of pots and furnace linings. 


< / | AMERICAN MANGANESE STEEL DIVISION 
OF THE AMERICAN BRAKE SHOE & FOUNDRY CO. 


Chicago Heights. 
FOUNDRIES AT CHICA HEIGM NEW CASTLE. DE 


Inspect frequently to make cer- 
tain salts are not reaching outside 
of pots. 

7. When furnace is not in opera- 
tion, such as overnight, keep burn- 
ers on enough to prevent solidifi- 
cation of bath. Extended pot life 
and savings in time required to 
bring both back to operating tem- 
perature will more than offset 
cost of fuel. 

8. Where firing conditions make 
impingement of flame on pot un- 
avoidable, it is advisable to turn 
pot occasionally, so as to expose 
all sides equally to the higher 
temperature at the point of im- 
pingement. 

Typical units are shown: R-433, 
a 20" x20” cyanide pot of Amsco 
{lloy grade F-1, C-560, a lead 
pan of grade F-10, Beside pots, 
carburizing containers of unit 
and sectionalized design, trays, 
muffles, retorts, conveyor chain 
and furnace parts are available 
of laboratory controlled, X-ray 
checked, Amsco Alloy. Amsco 
metallurgists and engineers have 
helped, in an advisory capacity, 
to convert the heat treating equip- 
ment of many plants to war 
production. Send for Bulletin 


1041-A, 


Genuine Manganese Steel, “The Toughest Stee! Known” 
Chromium-Nickel Alloy Castings for heat and corrosion 
Power Shovel Dippers. Dredge and Industrial Pumps 
Welding Materials for reclamation and hard-surtacing 
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England Save. 


(Continued from pag 

(2) The most effici: 
scrap is essential. The 
scrap should never 
than the alloy in which j 
incorporated, unless to 
balance the use of a st 
4rade of material. 

(3) When sufficient 
of serap are not availabl 
demands, virgin materia! 
be provided. As far as 
it must be used only in th 


Tin 


Inust 


high 


est grades of alloy (88-102 


88-8-4 or phosphor bronz 
gin metal or material of 


\ 


parable quality should preferably 


be employed in castings o| 
made direct in one melting 
This releases ingot-m 


capacity for lower grade 


Stag 


all Vs 


from mixed scrap of indefinit 


composition, which requires | 


be melted in bulk under properly 


controlled conditions. 
(4) British Standard 


1025-6 


for type A casting brass has been 


designed to take care of the 
grades of scrap unsuitab 
the better qualities of wr 
products. The aluminum 


lowe! 
le | 


ugk 


tent has been kept low to insur 


a good casting material. Ele 


ments 


other than copper and zine ar 


looked upon as impurilic 


nil 
‘ ttita 


limits merely cover such quant! 


ties as may be present as impurt- 
ties in the scrap from which the 


brass is produced. 
(5) British Standard 
for type B brass has 


designed to take care of the | 


est grades of scrap only 


cipally material more 


1027-8 


bet 


contaminated with aluminunt 


which is allowed as an im 


up to 0.25%. Allowable ele! 
other than copper and Zi! 
regarded as impurities on!) 


must never be added int 
ally. If contamination an 
ing of scrap is avoided, ve! 


material should be availa! 
tvpe B brass. 
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Contributors 


io This Issue 


How A MINING ENGINEER Out of 
Minnesota and Alaska happened 

io gravitate to Burbank, Cal., and end 
studving the metallurgy of spot- 
velds in an aireraft plant is a question 
that remains unanswered in the brief 
biographical notes submitted by J. R. 
Heising, co-author with E. H. Burkart 
the leading article in this issue. 
Suffice it to say he has been metallur- 
sical research engineer for Lockheed 
\ireraft Corp. for the past three years. 
He was previously associated as engi- 
eer With Pickands-Mather & Co., 
Scranton Iron Mine, Hibbing, Minn., 
ind engineer and assayer for Alaska- 
Pacific Consolidated Mining Co. at 
Independence Mine, Anchorage, 
\laska. Mr. Heising was a member of 
the class of 1987, School of Mines and 
Metallurgy, University of Minnesota. 


Co-author E. H. Burkart has been 
vith Lockheed for 242 vears, latterly 
is supervisor of sheet metal forming 
ind metallurgical research and devel- 
pment work in the critical materials 
substitution program. He is a product 
| Massachusetts Institute of Tech- 
logy (B.S. and M.S., and ’24) and 
has had 13 years experience with 
\merican Steel Foundries, starting as 
' Special apprentice and ending as 


issistant research director. 


W. O. Philbrook’s Bachelor of Sci- 
ice degree was accompanied by hon- 
rs in chemistry and a Phi Beta Kappa 
ty when he was graduated from 
University of Chicago in 1934. He 
mediately went to work at the Wis- 
Qsin Steel Works of International 
ster Co. as test carrier in the 


laboratory, progressing through vari- 
ous routine analysis jobs to a research 
assignment studying the chemistry of 
the basic openhearth process. The spot 
test for chromium described on page 
1035 is one of the results of this 
research work. 


Carl A. Zapffe came to Battelle 
Memorial Institute on a year’s appoint- 
ment as research associate but 
remained as a member of its perma- 
nent research staff to do some of the 
technical world’s most outstanding 
work on the subject of hydrogen in 
steel. His original research, with which 
he has correlated the findings of earlier 
workers, has been detailed in several 
papers, one of which received the 
Proctor Memorial Award of the Amer- 
ican Electroplaters’ Society. The arti- 
cle on page 1051 of this issue of 
Metal Progress is the second in a series 
of three. Dr. Zapffe was formerly in 
the metallurgical division of E. Ll. du 
Pont de Nemours & Co. He possesses 
degrees from Michigan College of Min- 
ing and Metallurgy (B.S.), Lehigh Uni- 
versity (M.S.), and Harvard University 
(D.S.). 


Reginald S. Dean's “excellent record 
in the development of metallurgical 
processes for the fuller utilization of 
the Nation’s natural resources” was 
cited by Secretary of the Interior 
Harold L. Ickes last summer in elevat- 
ing him from chiet of the metallur- 
gical division, U. S. Bureau of Mines, 
to the post of assistant director of the 
Bureau. The controversial subject of 
direct iron naturally now comes under 
Dr. Dean’s expert eye, as witness page 
1043. A boy wonder, Dean was grad- 
uated from Missouri School of Mines 
in 1915 at the age of 17, and received 
his M.S. the following year. He did 
graduate work at University of Chi- 
cago, Harvard University, and Uni- 
versity of Maryland (Ph.D. from the 
last named). Before joining the Bureau 
of Mines staff in 1929, he held posi- 
tions in the research departments of 
the American Zinc, Lead & Smelting 
Co. and the Anaconda Copper Mining 
Co., and as metallurgical development 
engineer for the Western Electric Co. 
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Intensifiers 


(Continued from page 1063) 
which cannot be exceeded with- 
out marked detrimental effects, 
principally hot shortness. Unfor- 
tunately, their optimum concen- 
tration is not far removed from 
the allowable maximum concen- 


tration, and in using such alloys, 
any unforeseen excessive oxida- 
tion may mean partial or entire 
loss of benefit, since no “insur- 
ance” can be carried in the form 
of an excess of special alloy. 

In the production of fine- 
grained steel, the steel maker 
often adds small amounts of a 
strong deoxidizer in the mold to 
the last few ingots poured on a 
heat, to prevent loss of grain 


control, or coarsening of the 


METALLURGICAL PRODUCTS ANALYZED 
SPEEDILY AND ACCURATELY 


Slomin High Speed Electrolytic Analyzers 


The rapid acceptance of this instru- 
ment for metallurgical analysis is 
outstanding endorsement of its proven 
ability and consistent reliability. Over 
700 Slomin Analyzers are now in use in 
metallurgical laboratories. 

Electrode design, current efhciency 
and improved procedures reduce deposi- 
tion time formerly required by other 
systems as much as 25 to 40%. Under 
these high speed conditions hard, smooth, 
bright and closely grained deposits that 
firmly adhere to the electrodes are pro- 
duced, thus assuring good reproducibil- 
ity of results. Users report an accuracy 
of 0.01 t> 0.04% for routine deter- 
minations, 

Each model is portable and enclosed 


4 


in a welded steel case finished in acid 
resistant baked white enamel. The 
brushless motor is vapor tight and is 
therefore unaffected by corrosive fumes. 

Both models have an _ electrically 
heated, rheostat controlled beaker plat- 
form for adjusting solution tempera- 
tures, and voltmeters and ammeters so 
that detailed studies can be made. 

Each position of the two place ana- 
lyzer is a complete circuit that operates 
independently of the other. Conse- 
quently this unit can be used for the 
simultaneous determination of two 
samples having widely divergent char- 
acteristics. 

A laboratory manual of high speed 
electrolytic methods of analysis written 
by G. W. Slomin is sup- 
plied with each analyzer. 
Individual copies are 
available at $1.50 each. 
@ S-29460 Slomin Electro- 
lytic Analyzer. One position. 
5 Ampere Model, with Heat- 
ing Plate. For operation from 
115 wolt, 60 cycle circuits. 
Each $155.00 
@ S-29462 Ditto. Burt for 
operation from 250 volts, 60 
cycle circuits. Each $160.00 
@ S-29465 Slomin Electro- 
lytic Analyzer. Two posi- 
tions. 5S Ampere Model with 


Heating Plate. For operation 
from 115 volt, 60 cycle cir- 
cuits. Each $275.00 


@ S$-29467 Ditto. But for 
operation from 250 volts, 60 
cycle circuits. Each $285.00 
HIGH SPEED 
ELECTRODES FOR USE 
WITH SLOMIN ELEC- 


TROLYTIC ANALYZERS 
@ $-29632 Corrugated 
Platinum Anode (Patent 
pending). Price subject to 
market. 

@ S-29672 Corrugated 
Platinum Cathode (Par- 
ent pending). Price sub- 
ject to market 
Literature on Request 


E. H. SARGENT & CO., 155-165 E. Superior St., Chicago, III. 
Michigan Division: 1959 E. Jefferson, Detroit, Mich. 


SCIENTIFIC LABORATORY SUPPLIES 
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grain on such ingots, « 1 by 
contact of the last ste: the 
ladle with the oxidiz 
floating on the surfac: the 
steel in the ladle. This , 
is usually beneficial wi th 
special alloying agents a sed 
since contact with the s! the 
ladle may burn up or ox the 
strong deoxidizer 
them and thus allow los thy 
alloy when subsequently | sed 


to the air during teeming 

Once the treated stee! is jp 
the molds, it is handled exactly 
the same as any steel of the s um 
base composition, untreated, with 
one possible exception. Steel of 
a certain base composition may 
be free from the hazard of inte: 
nal bursts or flakes, but the addi- 
tion of special alloying agents 
(or in fact of any alloy) to this 
base composition may induc 
tendency to flaking. Such alloyed 
steels must therefore be pro 
essed by proper slow cooling in 
bloom or billet form. 

Addition of these speci 
alloys has no effect, either beneti 
cial or detrimental, on the clear 
liness of the steel. Any standard 
alloy practice now in use whic! 
produces steel of a satisfactory 
degree of cleanliness will requir 
no modification to produce ai 
equally clean steel when using 
the special alloy agents. Exactly 
the same remarks apply to su! 
face quality and macro-etch o! 
treated as compared to untreated 
steels. 

The picture as regards grain 
control is somewhat dilleren! 
and some modifications of deost- 
dation practice may be required 
depending upon the special alloy 
ing addition used. Some of then 
do not have any marked effec! 


upon “inherent grain size”; thal 
he! 


is, they do not seem to ¢§ 


coarsen or refine the grain 
the other hand, some do hav 
marked tendency to coars: 
steel; when these types 0! 
are used, extra amounts of sirons 
deoxidizers are ordinarily 
to the ladle prior to the ad 
of the special alloy. re] 


itd 

‘ 
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approaches Laboratory Standards! 


AN INDICATING PYROMETER 
THAT GIVES UNUSUAL ACCURACY 
IN THE PLANT 


Here's a practical solution to wartime pro- 
duction problems of getting high-accuracy tem- 
perature information under today’s speeded-up 
hop conditions! 

Foxboro Potentiometer Indicators combine 
hermal precision approaching laboratory stand- 
ads, with simplicity of operation that practically 


For example, the patented Foxboro Auto- 
Vernier Rheostat incorporates coarse and fine 
adjustment slide-wires in a single unit for stand- 
The extra-large dial provides an open, 17 inch 
temperature scale which can be easily read to 
very small units. Further, the vernier setting 
knob permits precision setting of the measuring 
sude wire. 

These are merely two of the better-engineered 
teatures of Foxboro Potentiometer Indicators 
scale value .. . and permit easy reading to 1 6, 
oreven 1 10, of 1% of scale. Write for complete 
details in Bulletin A-305. The Foxboro Company, 
52 Neponset Avenue, Foxboro, Mass., U. S. A. 
8ranch offices in principal cities of United States. 


Potentiometer Instruments by 


to ease 


OXBOR 


Reg. U.S. Pat. Off. 
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Extra-large, extra-open dial 
of Foxboro Potentiometer 
Indicator enables quick, ac 
curate setting. Built-in key 
switches for 1 to 18 therm 

couple connections also add 
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Intensifiers 


(Continued from page 1069) 
To illustrate a typical effect 


on a steel with naturally greater 


hardenability, some tests on 
NE1340 (0.40 carbon steel with 
1.75° manganese) are reported. 
When oil quenched and tem- 
pered at 450° F. the yield points 


averaged 226,000 psi. for the 
untreated and 252,000 psi. for 
the treated steel, and the tensile 
strengths 241,000 and 262,000 
psi. respectively. These differ- 
ences obviously relatively 
unimportant, though it should be 
noted that the yield point of the 
treated steel averaged higher 
than the tensile strength of the 
untreated. The elongations, how- 
ever, were 9.5 for the untreated 
and 13° for the treated, and the 


WILBUR B. DRIVER CO. 


NEWARK, NEW JERSEY 
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reductions of area wer fos 
the untreated, and 46 r the 
treated. These resul! 
merit rating, or if 
has been designated Lut 
mobile industry, of 8) the 
untreated, and 108 for the i» ited 
steel. 

Notched-bar impact | Its as 
obtained by the Izod method may 
be illustrated by the following 


comparisons, all being avyerag 
results from 0.40% carbon steels 
quenched and drawn. With 
about 0.75 manganese (| 
steel C-1040), drawn at 450° P 
the impact values were 3 ft-lh 
for the untreated steel and 10 
for the treated, while drawn at 
900° F. they were 79 and 60 ft-lb 
respectively. This illustrates thy 
previous statement that tough- 
ness is generally improved by 
treatment with the boron-bearing 
alloys when the steel is quenched 
and drawn at low temperatures, 
but not with higher tempering 
temperatures. Similarly with 
manganese up to 1.79% (NE 1340 
and specimens drawn at 450° | 
the impact values were 
for the untreated and 17 for th 
treated steel; and when drawn 
at 900° F. they were 67 and 92 
ft-lb. respectively. 

Considerable data other 
low alloy steels support the same 
general conclusion regarding 
impact resistance, 

As a summary of this discus- 
sion it may be stated that the 


chief “extra property obtainable 
in a treated steel” is an increase 
in hardenability, which varies in 
amount depending on the type of 
steel treated but generally is sul- 
ficient to give a Jominy value 
I's to 5 times as great as ina 
similar untreated steel. “This 
improvement in hardenability 
produces an increase in strength 
in critical sections either with an 
increase in ductility and ugh 
ness, or without normal corr 
sponding loss in duetilily 


toughness, depending of the 
magnitude of the st! ngth 
increase,” to quote the 
mentioned in the beginnt! 
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drawing with all our might!" We are proud that 

ae Wilbur B. Driver Co. special alloys have so many 

Bite _ its part more effectively or get on the job more 


» KINETIC CURTAIN BURNER 


DOOR OPEN—BURNER 
AUTOMATICALLY IGNITES 


thy 
igh- 
by 
Ing DOOR CLOSED—BURNER 
hed AUTOMATICALLY SHUTS OFF 
res 
ith Positive protection of controlled furnace atmospheres — matically lighted by an electric spark. When the door is 
1() ‘always assured by the National Kinetic Curtain closed, the burner shuts off. At no time is the furnace 
jurner. The kinetic energy of the products of combus- —_ atmosphere exposed to contamination. 
: a interposes an impregnable curtain against the Easily mounted under the doorsill, the burner is 
. «try of foreign atmospheres. Whenever the furnace _ entirely outside the furnace. Prominent furnace manu- 
- oor is opened, the flame curtain is instantly and auto- _facturers are now including it as standard equipment. 
wn 
0 Latest developments in gas-burning equipment 
~ Every specialty for the better, more economical use of gas is included in the 
National line, a few of which are shown on this page. Their construction assures 
rer the positive action which means resw/ts at minimum cost... many are the first 
ne of their kind in design and application. 
Of special interest today is the use of National Blast Line Burners for mouth 
ng annealing of brass and steel shell cases. Their continuous flame 
permits accurate control of grain and ductility. These burners 
18- are also widely used for oven heating by direct fire. 
he 
TORCH TIPS 
ond These open-fired 
se burners are noted 
‘ for superior flame 
mn retention. Numer- 
ous small orifices 
of assure a more uni- 
if- form distribution 
of the piloting 
He fringe gas and 
hence amore stable 
i ignition of the 
ig 25::1 TURN-DOWN oan jet. Unique 
agesign protects 
ty DOUBLE-FLAME HYPERBO BURNERS metalin burner face PROPORTIONAL MIXER 
‘ long turn-down range of these burners permits from heat damage Automatically and exactly proportions gas 
th he : and greatly in- and air for pre-mixing burner ports of all 
oe ‘ces to he operated at temperatures in excess of ‘ 
| . . . = creases burner life types. Accurate gas-air ratio control is as vital 
n oras low as 350° with one ps/ combustion air. as good temperature control 
h 
—— 
~ — 
= SEND FOR 
Md MAKERS OF NATIONAL MANUAL 
le ‘soma Shows many new technical 
SIN ENT advances —features exclu- 
“] Peoples Gas Bldg. ¢ Dept. C, 122 S. Michigan Ave. ¢ Chicago, Il. 
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New Equipment and Producis 


Weld Testing 

A spot weld testing machine, 
to check the strength of spot- 
welded samples, has been devel- 
oped by the Baldwin-Southwark 
Div., Baldwin Locomotive Works, 
Philadelphia. For use in produc- 
tion-line testing of light metal 
fabrication, this machine is 
extremely rapid and simple to 
operate. 


New Electrodes 

Silver series welding elec- 
trodes have been developed by 
American Agile Corp., Cleveland, 
to answer the toolsteel and die 
salvaging problem. These elec- 
trodes are said to eliminate waste, 
inasmuch as a new and excellent 
cutting edge can be rebuilt on 
the worn tool shank. After the 
weld deposit is made, the tool is 
reground and goes back into use. 


New Resistance Welder 

New rocker arm resistance 
welder for the spot-welding of 
aluminum has been developed by 
Sciaky Bros., Chicago. Features 
include adjustable electrode tips, 
which may be set at any angle 
without impairing their proper 
welding position, for the welding 
of unusual shapes and sizes. 


New Plant 

Hydro-Are Furnace Corp. is 
now located at the new plant at 
561 Hillgrove Avenue, LaGrange, 
Ill. Company’s are furnaces for 
melting steel and iron are now 
lined up either for cold-melting 
steel and iron, or triplexing steel 
in Whiting Corp.’s new converter 


process. 


Mounted Wheel Manual 

With the important and rapid 
changes in production methods 
an urgent need has developed for 
published information on the 
proper application of mounted 
wheels. To meet this need Chi- 
cago Wheel & Mfg. Co., Chicago, 


has published an informative 
booklet, profusely illustrated at 
exact size in color of all types of 
mounted wheels and a wide array 
of accessories for high speed 
portable equipment. Copies may 
be obtained by writing the com- 
pany. 


Transparent Cutting Oil 

National Graphite Co., Inc. of 
New York City announces a new 
high quality coolant known as 
Konag Transparent Cutting Oil, 
made for severe cutting opera- 
tions on tough steels. 

It is said to increase cutting 
speed because of greater metal 
adsorbing oiliness at the cutting 
edge of the tool, and ability to 
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dissipate frictional heat rapig) 
The clear transparent straw colo, 
enables the operator to watch hix 
work. 


Metal Cleaning 

Designed to degrease the inte. 
rior of shell casings as well as 
exteriors, Phillips automatic she} 
degreaser utilizes a conveyor belt 
equipped with swiveled basket 
carriers which automatically nd 
continuously place shells in pos 
tion so solvent can be forced int 
them under pressure. Manufae- 
tured by Phillips Mfg. Co 
Chicago, these degreasers for 
handling 20 to 75-mm. shells ar 
portable, requiring neither steam 
walter nor gas connections. 


Are Welder 

New line of Herco are welders 
is announced by Hercules Elec- 
tric & Mfg. Co., Inc., Brooklyn 
Precision heat control enables 
the operator to get minute heat 
adjustments over the entire 
transformer range. The relative 
absence of “are blow” permits 
use of large diameter electrodes, 
which means more metal depos- 
ited in less time and speeds pro- 
duction. 


Aircraft Riveting 

Designed to afford increased 
speed and efficiency of flush rivet- 
ing in aircraft production, a nev 
Rivitor manufactured by Tom- 
kins-Johnson Co., Jackson, Mich. 
is air powered and has an auto- 
matic feed and setting mecha 
nism. Simplified construction 
uses less-critical materials and 
requires fewer parts. 
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70day° BATTLE FRONTS 


wed: 
INDUSTRIAL U.S. A. 


TENUAL ALUMINUMCASTINGS are proving their worth on 


far-flung battle fronts in planes ... tanks... ships. And our cast- 


ings will “come through” under all conditions because of our 


ability to meet the most rigid specifications of the armed service 


with speed and quantity production. This will be your guarantee 


“apidly 
col 
tch his 


of receiving quality sand and permanent mold aluminum cast- 


ings when our shipping tags can again read: Destination U.S. A. 


lilustration shows careful water pressure testing 
of an important aircraft aluminum casting 


€ inte. 
vel] as 
shel 
r belt 
basket 
lv end 


| pos! 
d int 

Co 
for 
Is are 
team 


Iders 
Elec- 
klyn 
ibles 
heat 
tire 
ative 
mits 
des, 
DOs- 
pro- 


“at BRONZE& FOUNDRY CO. BD 
CLEVELAND, OHIO 

NEY ORK. Brocdway CHICAGO, 188 W. Rendolph + DETROIT, Stephenson Bldg LOS ANGELES, 405 S. Hill 

M ERS OF QUALITY SAND AND PERMANENT MOLD ALUMINUM CASTINGS 
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New Equipment 


Superfinishing Machines 

Improvements have been made 
on the Foster 4 by 8-in. general 
purpose superfinishing machine, 
and a new and longer 4 by 36-in. 
model has been added to the line 
offered by International Machine 
Tool Corp., Elkart, Ind. 


These general purpose super- 
finishing machines are capable of 
developing an extremely accurate 
and fine finish of 2 to 5 micro- 
inches on cylindrical work such 
as Shafts used in aircraft engines, 
where surface scratches and 
defects must be eliminated. 


AGAIN ROCKWELL ENGINEERS 
BOOST WAR PRODUCTION! 


A new Rockwell Gas Fired Unit 
hardens, quenches and tempers 
high explosive shells in one con- 
tinuous operation. A single oper- 
ator places shells on the conveyor 
at the charge end of the harden- 
ing furnace—thereafter all opera- 
tions are continuous. Both the 
hardening and draw furnaces are 
provided with automatic propor- 
tioning burners and control instru- 
ments so that any draw specified 
by the Ordnance Department may 
be easily obtained. 

Shells are carried through both 
furnaces by an oil hydraulic push- 
ing system with time cycle control. 
The method of quenching gives a 
very uniform hardness and mini- 
mizes any danger of soft spots 
due to vapor pockets or other 
causes. 

If MORE PRODUCTION is your 
problem, write or wire us. Rock- 
well's wide experience in heat 
treating will help you. 


W. S. ROCKWELL COMPANY 
50 Church Street 6 New York 
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Shafting Manual 
Section I of th 


: upplen t 
Manual which fol], the 
anniversary book iss sed py 
& Laughlin, Inc. Harvey, 
just been published. 


52 pages of technical ata op | 
finished bar steels and shaf 


Testing Chamber 

Because many precis 
instruments must fune: 
equally well in Iceland o; : 
baked Libya, this new Chamber 
has been developed for tey 
instruments under extremes 
cold and heat. Manufactured 
American Coils, Ine., Newa 
N. J., its range of operating t; 
peratures extends from —55° ( 
+70° C. It includes apparatys 
for mechanical refrigerating 4 
electrical heating. 


Salt Bath Furnace 

Electric pot-type salt bath {y 
nace for cyanide hardening 
toolsteels has been developed | 
H. O. Swoboda, Inc., New Brig! 
ton, Pa. Designed for product 
work, its operating tempera! 
is normally 1650° F.; howew 
precise controls permit the bat 
to be used at considerably low 
temperatures for tempering 


Deep Drawing Press 

One of the world’s largest 
self-contained deep metal dra’ 
ing presses has been complet: 
by Hydraulic Press Mfg. © 
Mount Gilead, Ohio. Press 
embodies two hydraulic actions 
a 3500-ton downward acting di 
platen and a 1000-ton hydrauli 
die cushion in the press bed. This 
massive press is capable of dee 
drawing heavy steel plate to 
depth of 18 in. 


Drying Oven 

New infra-red drying oven l! 
the polishing and buffing trade 
announced by Park Chemical C 
Detroit. A portable unit, the ove 
will accommodate a large numbe! 
of polishing wheels and takes "! 
very little space. Drying time 0 
polishing wheels can be cut fron 
24 hr. to 30 min. with this un" 
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shafting Meehanite Foundry 
--lve Your Casting Problems 
ecis Ansonia, Conn. 
Perrel-Birmingham Co., Ine, 
unct r, M 
Or sunJ The Henry Perkins Co. 


cham Buffalo, N. Y, 
Pohlman Foundry Co., Ine., 
est 


Charteston, W. Va. 
emes of Kanawha Manufacturing Co.: 


lured } Chattanooga, Tenn. 

\ Ross-Meehan Foundries 

Chicago, til. 

Ing tem. Greenlee Foundry Company 


Cincinnati, Ohio 
Cincinnati Grinders Incorporated 


WHAT IS MEEHANITE? 


MEEHANITE is a special metal for castings 
which combines the better features of both 
cast iron and steel. Meehanite castings 
offer the engineer reliable and favorable 
design characteristics as described below. 


Cincinnati, Ohio 
Ing ar The Cincinnati Milling Machine Co, T YPES 


There are twenty-one types of Meehanite, 


Cleveland, Ohio 
Fulton Foundry & Machine Co. 


Denver, Colo. Seach having a different combination of 
The Stearns-Roger Mfg. Co. physical properties aimed toward meeting 
ath fy Detroit, Mich. | definite service requirements. 
ning Atlas Foundry Co. 
yped | Flint, Mich. PHYSICAL PROPERTIES 
General Foundry & Mfg. Company th 
Tig! Nenalt Oni | Varying with the requirements of the 
duct The Hamilton Foundry & M hine Gay Service, Meehanite in its several types 
(as cast) produces tensile strengths up to 
eral Irvington, N. J. 55,000 lb. p.s.i; compressive strengths 
— Barnett Foundry & Machine Co. up to 200,000 Ib. p.s.i.; moduli of rupture 
Los Angeles, Calif. in bending from 61,000 to 93,000 lb. p.s.i 
1e bal Kinney Iron Works These and other properties such as yield 


} point, modulus of elasticity, hardness, 


torsonial and shear strength, fatigue 
Koehring Company 4 3 


These QUICK FACTS about 


may help you solve today’s 
design and production problems 


surfaces mean less metal need be removed 
in finishing. 


VIBRATION DAMPING 


A unique combination of high damping 
capacity and high strength gives Meehanite 
castings a prominent position in the con- 
struction of precision machinery, and in 
highly stressed machinery parts where 
weight, noise and possibility of fatigue 
failure must be kept to the minimum. 


WEAR RESISTANCE 


Five types of wear-resisting Meehanite 
offer different combinations of physical 
properties to meet external problems en- 
countered in wear-resisting service such as 
hardness, impact, fatigue, friction, corrosion, 
lubrication, etc. 


HEAT AND CORROSION 
RESISTANCE 


Where heat and corrosion resistance com- 
bined with high strength, toughness, etc., 
are desired, Meehanite is available in types 
to resist growth, scaling warpage, and 
corrosion 


ENGINEERING DATA 


Complete data on engineer- 
ing properties, metallurgy, 
heat-treatment and manu- 
facture is included in this 
47-page book. Sent free to 
executives, engineers, de- 
signers, production and 
maintenance men of indus- 
try. Price to others, $1.00 


per copy 


1g. strength, etc., are known and reliable. 
Mt. Vernon, O., Grove City, Pa. 
Cooper-Bessermer Corporation 
HEAT TREATMENT 
| For higher strength and hardness, Meehan- 
dra — , ite is adaptable to heat-treatment and flame 
® Ockland, Calif. hardening. Accurate information is avail- 
iplete Vulcan Foundry Company able on these subjects, as well as on the 
Orillia, Canada effect of elevated temperatures (50 F. to 
Pr E. Long, Ltd. 1100°F.) on strength, creep, surface metal 
ress Philed a Po. ioss. 
tions H. W. Butterworth & Sons Co. MACHINABILITY 
1g Philadelphia, Pa. 
Florence Pipe Foundry & Machine Co., | tests ype 
(R. D. Weed Company, Selling Agents) machinable than steel or alloy iron 
_ This castings. This important advantage of 
w Meehanite is due to two factors, (a) the 
dee] arren Foundry pe Corp. constitution of the metal frequently permits 
to Pittsburgh, Pa. substantially increased machining speeds, 
Meehanite Metal Corporation | (b) dimensional accuracy and smooth cast 
Rosedale 
oundry & Co. 
“a | MEEHANITE RESEARCH INSTITUTE, 311 Ross St., Pittsburgh, Pa. 
n for American Laundry Machinery Co. 
de is St. Louis, Mo. 
Ae Banner Iron Works 
IC St. Paul, Minn. 
ove! Valley Iron Works 
h London, Eng. 
- The International Meshanite 
Ul Metal Co., Ltd. 


e on Waterloo, N. $. W. 
istralian Meehanite Metal Co., Ltd, 


WORST 
unit Metal Go. SA.) = ARON 
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Lead Being 


Stockpiled 


(Continued from page 1039) 
but in 1940, 128,680 tons. Mexi- 
co’s total shipments to us, includ- 
ing ore, base bullion, and refined 
lead, were 20,000 tons greater 
than this, however. In fact, total 
imports of lead of all kinds into 


self-sufficient U.S.A. jumped from 
a dribble of 23,615 tons in 1936 
to 282,492 tons in 1940. Imports 
of bullion and ores in 1942 will 
be much higher. 

Production of new lead in 
our own country in 1941 jumped 


¥ 


ases, of 
mall amount 
s 


Deep Case, Acrocase*, 


9.159 
10 speed 


DIT 


Aerocarb* DEEP-CASE carburizing compounds No. 13 and No. 40 pro- 
ae vide a rate of penetration equivalent to gas carburizing and more rapid 


than pack carburizing. The case and operating characteristics are as 


When considering installation of new case hardening equipment, as much as 50°% 
can be saved on the initial investment by setting up for salt bath treatment. 


\erocarb, sodium cyanide, or one of our sodium 
eyanide case hardening compounds, 30%, 45°, 75°, can be relied upon 


to provide satisfactory results at low cost. 


quatit’ 


é 


-FP.CASE RESHL 


« 


Simp Liciry 


If your requirements call for case depths of 0.001” to 0.150’ Cyanamid 


A Unit of American Cyanamid Company 
30 ROCKEFELLER PLAZA - NEW YORK, M. Y¥. 
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to about 110% of 1940. 1 pri- 
mary production this ar is 
expected to be higher ag Sec. 
ondary metal recovered froy 
scrap normally serves over 25¢ 
of our needed supply, but, as 


remarked above, this source js 
declining in importance, both 
relatively and quantitatively, 

To guard against am -~ 
tingency, the Metals Reserve Co. 
has been accumulating a stock. 
pile of lead. While this has not 
yet reached the desired size, pres- 
ent conditions indicate that it 
will do so. 

A quota system, which pro- 
vided that a certain amount of 
his production must be set aside 
‘ach month in a “bank” or a 
reserve by each lead producer, 
was instituted by WPB, so that 
emergency requirements could 
be met from this stock. Easing 
of the lead situation has made 
this “bank” unnecessary, so the 
lead pool was suspended in Octo- 
ber. Meanwhile, due to sustained 
domestic production and 
increased imports, plus decline 
in demand, the stockpile has 
improved substantially. 

There is relatively far more 
lead in relation to demand than 
there is copper, tin, or zine. 
Because of the desperate short- 
age of these metals, WPB now 
recommends that lead be sub- 
stituted for them wherever pos 
sible. This, however, does not 
mean that we should try to use 
as much lead as possible. Sub- 
stitution is the thing, not just 
consumption. 

Within the bounds of lead 
use allowed by Governmental! 
orders, and in relation to care- 
fully calculated military, naval 
and essential needs, it appears 
that the supply of lead not mis 
will balance with requirements 
this year, but will give us a good 
reserve supply owned by the 
Government. Lead is less short 
than any other of the so-called 
critical materials, though the 
need to be prepared for possible 
future requirements mus! still 
be emphasized. 
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| 
The case produced is similar in 
composition ro the ysual 845 and 
2 Furectoid plus designed for operating rempera ‘a 
zones comprise roughly 40% of the qures of 1700 F to 1750° 
highet peratures of 1700 to 175° F is 
ighet- + 
approximately? Vs of 1.0% Pet hour- i 
3 The molten density of the path 
can be dev eloped 08 SAE 1020 steel. 
at 1700 is 13° pounds per cubic 
; 
ba 
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INDUSTRIAL 
X-RAY DEVELOPER vad X-RAY FIXER 


We have learned through countless lab- 
oratory tests of our own and competitive 
products that one type of developer and 
fixer would not serve two types of x-ray 
film—namely, industrial and medical. 


The emulsion emp|oyed in the manufac- 
ture of industrial x-ray films is different 


from that used for medical films. 
Picker Clearmix Industrial Developer 
and Perfix Phdustrial Fixer Gre Specific 
formuloe Gnd will produce the finest 
results obfdinable in terms of speed, 
clearmess, contrast and detail. 


Whep reordering concentrated x-ray ; 


solutions, insist upon Clearmix Developer ke 


and Perfix Fixer and you will see the 
difference in processing results! 
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Sponge Iron 


(Continued from page 1047) 
If the establishment of the 
sponge iron process requires 
diversion of materials of con- 
struction from essential uses 
such as ships, blast furnaces, 
aluminum plants, ete., then the 
value of the availability of sponge 


iron would be counteracted by 
loss of production in other places. 
Hence, it is necessary to weigh 
the need for sponge iron produc- 
ing capacity against its cost in 
other strategic products. (Actu- 
ally it becomes a question as to 
whether a scrap shortage should 
be averted by construction of 
sponge iron capacity or of more 
blast furnaces. ) 


12. The sponge iron process 


is not established on a commer- 


Lost 


Between Furnace and Production 


Putting tools to work immediately after drawing, by eliminating refinishing 
and straightening operations, is a real saving of skilled labor and machine time. 
The savings are especially important when large or 


long drills and reamers of high speed molybdenum, 
cobalt, and tungsten steels are being hardened. 


A Sentry Vertical Muffle Furnace, using Sentry 
Diamond Blocks, will give you these savings. Tools 


are hung vertically eliminating tendency to warp 
when hot. The positively controlled neutral atmos- 


phere results in maximum harden- does not depend on 
ing—no scale—no reduction in 


Seat size — no decarburization. 


analysis or manipulation. 
Biocks available in sizes to 
meet your requirements. 


The Sentry Company 
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cial size scale, and ex met 
demonstrations have 

that large operations be 
established with certaj 
given time. The pro 
sponge iron is still ex; 


and furthermore much \ 
(costly in terms of ste: 
tion) would be needed hes 
sponge iron could be used rey 
larly for steel producti: 

13. The blast furn 
duction of pig iron is 
established operation, eflicien| 
use of labor, raw materials » 
by-products. Its product 
iron, is the most satisfac 
form of iron from which to ms 
steel. Hence, additional iron 
supply the nation’s steel requir 
ments can best be made by ¢} 
production of pig iron in the « 
ventional blast furnace. 

14. There are so many unt 
vorable aspects to the sponge i: 
process that its developm: 
would appear to be a retardat 
of the over-all war effort. Diver- 
sion of our pure iron ores, dive 
sion of electric furnace capa 
or of materials of constructi 
diversion of raw materials, labo 
and energies would be a hig! 
price to pay for the development 
of a substantial production 
sponge iron whose utility is s 
questionable. The establishment 
of sponge iron plants would 
therefore be wasteful in over-al! 
productive effort. 

1s. The undertaking ol 
large research and developmen! 
program for the production o! 
sponge iron as a substitute | 
scrap is inadvisable at this tim: 
Research and development «! 
justified, however, for the deve! 
opment of a suitable process | 
making powdered iron tor use ! 
the new “powder metallurgy. 
Since the requirements for pow- 
dered iron are measured in thou- 
sands of pounds and the curren! 
price 10 to 12¢ per Ib., processes 
similar to the sponge iron process 
should apply. Such a program 
of investigation is now unde! 
development for the War [re 
duction Board. 
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for En col 


E for excellence . . . the Army—Navy Production award for high 
achievement in the production of materials for war . . . is today the 
proud possession of the men and women of Kemp of Baltimore 


Their service to their country, which has brought this signal honor, 
has, in turn, aided others in performing distinguished war service. 
Kemp Industrial Carburetors are firing specialized combustion equip- 
ment to speed production of small arms ammunition. Kemp Inert Gas 
Producers are stepping up the volume of synthetic ammonia. Smoke- 
less powder plants, aviation gasoline and synthetic rubber plants 
are other users. Kemp dehydration equipment is rendering effective 


service in chemical warfare and ordnance works. 


Their pride in this high honor is matched only by their determination 
to remain deserving of it. We pledge ourselves, every last one of us, 
to keep the E flying .. . proud/y! The C.M. Kemp Manufac- 
turing Company, 405 East Oliver St., Baltimore, Maryland. 


KEMP of BALTIMORE 
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Caustic Embrittlement 


Two IMPORTANT publica- 
tions have recently appeared 
on the “Intererystalline Cracking 
of Boiler Steel and Its Preven- 
tion”, the first a general sum- 
mary of what is known about 
the problem (Bulletin 443 of the 
UL. S. Bureau of Mines) written 
by two of the leading investiga- 
tors, W. C. Schroeder and A. A, 
Berk, and the second a “Sym- 
posium on Caustic Embrittle- 
ment” by the Joint Research 
Committee on Boiler Feedwater 
Studies (Transactions of the 
A.S.M.E., July 1942). Extracts 
from each are appended. 
Intergranular failure along 
riveted seams in steam boilers 
has now been a matter of con- 
cern for more than 30 years. 
Attempts during the first half of 
this period to correlate the inci- 
dence of cracking with various 


factors led, in Europe, to major 
emphasis upon methods of fabri- 
cation; in the United States, con- 
currently with efforts to improve 
boiler manufacture, attention 
was directed particularly toward 
control of boiler-water composi- 
tion. The latter found official 
expression in the A.S.M.E. Boiler 
Code of 1926, which established 
ratios of sodium sulphate to 
alkalinity of the boiler water, 
such ratios then being consid- 
ered proper to eliminate cracks 
in riveted boilers at various 
operating pressures. 

It was early discovered that 
the cracks occurred in riveted 
joints, sometimes radiating out 
from rivet holes. Likewise the 
cracks extend through the steel 
along the crystal boundaries, 
with litthe or no sign of accom- 
panying corrosion, It is accepted 


by all authorities that int ral 
ular eracking of a rivet am 
in a boiler is evidence the 
simultaneous operation cer- 
tain’ essential mechanic ind 
chemical factors: Boiler 
must have concentrated greatly. 
a hundred or a thousandfold: the 
concentrated solution mus ive 
been in contact with steel unde 
high applied or residual siress: 
and the composition of the soly- 
tion must have been such as to 
lead to localized corrosion at 
grain boundaries, rather than 
general attack. 

Much metallurgical work has 
been done in an effort to manu- 
facture boiler steel that will be 
free from this type of failure 
Particularly recommended was 
the so-called Izett steel, made in 
Germany a killed steel with 
small fractional percentages of 
nickel and chromium but rela- 
tively high in aluminum = and 
nitrogen. This proved no better 
under test by the Bureau of 


(Continued on page 1136 


William Jessop & Sons Quality Tool Steels are contrib- 


uting to the War effort on World Wide production fronts. 


British Isles 


India 


North and South America 


Australia 


* 


South Africa 


Russia 


The Services of this Vast Organization are at your disposal 


* 


WM. JESSOP & SON, INC. 


NEW YORK BOSTON 


80 Federal Street 


627 6th Avenue 


CHICAGO 
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DETROIT 
1724 W. Carroll Ave. 1024 W.7 Mile Road 59 Frederick St. 


TORONTO 


; > 
"od 
2" 
he 4 


THE DREVER co. 
E. VENANGO ST. 
PHILADELPHIA, PAL 


BRIGHT ANNEALING 
CARBURIZING 
HEAT TREATING 
ANNEALING 


December, 1942; Page 1135 


‘ 
4 
| 
l- 
n \ 
\ 
n 
I a 
‘ 
é 


available, this should offer a block is bored a small p 


E b i I fertile field for investigation. A to the central hole, but |; = 
EER EDE® tt ement steel of the proper characteristics is prevented by a test vl 
would be exceedingly valuable in securely bolted down to th ce 

locomotive boilers.” of the block. One end his 

(Cont. from p. 1134) Mines than A long step in advance was test piece is bent slightly k, 
aluminum-killed steel made in the invention of an embrittle- and can be stressed at its | nd 
America. The investigators say: ment detector by Schroeder. It by a set screw; in fact, it « ™ 
“To the writers’ knowledge, consists of a rectangular block prized far enough back so that a 
no steel suitable for boiler con- — with threaded axial hole so that tiny bit of the hot boiler water 
struction has yet been developed the block can be made a part of escapes. This diffusion is best 
that is immune to embrittlement. a pipeline carrying the hot boiler detected by holding a cold glass 
As many low alloy steels are now water. Through one face of the or mirror over the end of the 


unit, and the most desirable 
adjustment will show only 4 
slight haze of condensed steam 
The opening therefore is so small 
that the boiler water can diffuse 
through it only very slowly. As 
this occurs, the heat will cause 
evaporation toward atmospheric 
pressure to produce a more con- 
centrated solution. Still further 


from the opening more evapora- 
tion will occur, and the boiler 
water is quite concentrated 
Next, sodium salts begin to crys- 
tallize from solution, and finally 
substantially all the water is 
evaporated. 

The rate of leakage must be 


conlined within certain limits. 
: If none occurs, concentration is 
e not possible. On the other hand, 
+ if the opening is too large, the 


water will rush out so rapidly 
that concentration may not occur 
in contact with stressed metal. 

Use of this detector during 


ae T b . d . h DURALOY the past four or five years has 
e equippe wit revealed disconcerting deficien- 
: cies in the action of some chem- 


is to be equipped with the best 


relied upon to stop embrittle- 

Yes, we're proud of our work in this important field of high alley custings , e ment. Its use has also empha- 

have metallurgists and foundrymen with many years of experience in producing 

chrome-iron and chrome-nickel castings. We have every piece of modern equip- 

ment necessary to produce sound castings and to finish them to any degree desired. 


sized that new boilers may be 
protected by two entirely difler- 
ent methods: (a) To build boil- 

ers in such a manner that they 
w w w are not susceptible to cracking, 
or (b) to treat the water so that 
it will not cause cracking. 


That's why Duraloy Castings are among the best ever produced in this country. 


We'll be glad to help you with your high-alloy casting problem (static or cen- 
trifugal). We'll help select the alloying elements; help design the piece to the 
best advantage and then produce it for you. Use of welded drums pro- 
vides satisfactory means 


T H E |») U R A L OY Cc Oo M PA N Y eliminating the major soures of 


in stationarv rs, but 
Office and Plant: Scottdale, Pa. trouble in stationary boiler : 
general adoption of this practice 


Detroit Eastern Office: 12 East 4ist St., New York, N. Y¥. Les Angeles 
The Duraloy Co. Scranton, Pa. Great Western Steel 1 locomotive boilers is not yel 
of Detroit Coffin & Smith Company fc r ] com ti € I iler 
5 Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans —_— deemed feasible. (Cont.on p. 1155 
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Where the fight for production is toughest, 
Hayes furnaces prove their worth! 


: When you have to really put on the pressure, then is when you appreciate 
“Certain Curtain’ furnaces. Users of these famous controlled-atmosphere 
J furnaces have found they can step up hardening production as much as 


[ 50% per man per furnace on stock tools put through in volume. 


| | On special tools, too, there is a big advantage, because the unique 
| | “Certain Curtain’ control of furnace atmosphere is a thoroughly depend- 
7 able protection against spoilage of even the most delicate tools. 


wi | Furthermore, when it comes to putting these tools into production, they'll 
* take unusual punishment and stand up longer between grinds. That's 
hick ening Inree because the dependable protective atmosphere permits holding at the 
critical sufficiently long to develop the working qualities of the steel to 


steel tools, broaches up to 7 feet. 
the MAXIMUM. 


Remember, too, that the vital advantages of precision atmosphere control 
are equally valuable on copper brazing, tool tip brazing, bright annealing, 
die hardening, tempering, etc. Users these days are demanding out- 
standing performance of Hayes furnaces — and getting it! 


ELECTRIC. FURNACES 


Special furnace for hard- Special furnace for hard- 
ening large dies. ening MOLY STEELS 


C. 1. HAYES, INC., Est. 1905, PROVIDENCE, R. |. 


> 
Re quest Bulletins R. G. HESS E. F. BURKE J. E. FIGNER C.A. HOOKER W. G. PRAED 
92 Liberty St. 4614 Prospect 6388 Penn Ave. 202 Forest Ave. 4939 N. Talman Ave. 
New York Cleveland Pittsburgh Royal Oak, Mich. Chicago 
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instead was due to the pressing 


necessity for preventing cracks 


22 locomotive boilers 
ia each year. It furnished a chance 
for determining the effect of pro- 


tective chemicals in a number of 


(Starts on page 113%) 
operating boilers otherwise prob- 
At the 
it directly correlated 


Final proof of the value of 
the embrittlement-detector 
method of testing has been pro- 
vided by the Chesapeake & Ohio 
a result 


ably destined to crack. 
same time, 
the action of the water on speci- 
embrittlement 


Ry. This work was not mens in the 


interest in the detector and in the cracking of 


problem, but 


of academic 


embrittlement locomotive boilers. 


Heating ordnance materials 
requires prec/sion 


The heating of shell and gun forgings 
AMCO 


FURNACES are modern versions of 


calls for temperatures! 
designs proved in actual service...the acid 
test for such important operations. 


Write for details on the complete line 


Marae Se of AMCO Furnaces, one of which will 


Ca Furnace for 


no doubt serve your particular purpose! 
¢ Guns, Armor Plate, ete. 


Amsurr- Morton Company 


FULTON BUILDING PITTSBURGH 
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During each six mont 
1934 to 1938, 
less than 


from 
there were never 
nine cracked ilers 
and a peak of 21 was | hed. 
During 1938 and 1939, trestmen; 


was started with waste suiphit, 
liquor an inhibitor largely py 
virtue of the lignin it « tins 


No appreciable decrease in crack- 
ing was noted during 1939, nor 
was it expected, since old cracks 
in the boilers must be found and 
would 
probably require a few years for 
completion. In 1940, the last 
six months showed a decrease in 
the number of cracked boilers. 
In 1941, cracking rose in the first 
six months but results for the 
last six months are 
gratifying, for 
were found 
particularly significant since th 


repaired, a process that 


extremely 
only two boilers 
cracked. This is 


engine mileage during this period 
has been much greater than that 
for any similar period in the 
previous years which are shown 
The results furnish 


dence that this railroad is on its 


strong evi- 


way to the elimination of ils 
embrittlement troubles. 

The fact that the decrease in 
engine cracking follows the elim- 
ination of cracking in the detee- 
tor specimens indicates that the 
establishment of non-embrittling 
conditions, according to this test, 
is a strong criterion that the 
water can be used in the boiler 
without danger. On the other 
hand, if the boiler water cracks 
the detector 
not necessarily crack the boiler, 
yet it is difficult to guarantee that 
conditions do not exist in service 
arise in the boiler 


specimens, it will 


or will not 


structure from which cracking 
may result. 

A practical program to obvi 
ate cracking in riveted seams 1s 
suggested by Partridge and asso- 
A.S.M.E. Sympo- 


show that 


ciates in the 
sium. Test data 
sodium sulphate will not preven! 
cracking, nor do sodium sulp! 
and sodium chloride at pressures 
above 250 psi. Likewise, a boiler 
water containing appre¢ ble 
(Continued on page 1140 
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Park Kase 1: A barium base, fused, pr | 
activated cyanide salt, with incorpo- 
rated carbon cover. Operates efficiently 
even when bath cyanide content is as Wah 
low as 10°). Water and oil soluble, upon 
quench, and non-fuming. MP. 1175° F.* Pad 
—WR. 1700° F.—Wt. 96 lb./eu. 
150 lb. drums—Produces case depths , « 


up to .125". 
Park Kase 5: For reheating carbu- 


TOTAL “CASE” PENETRATION 


Cit thos rized steels or lower case de -pth require- 
ments. MP. 1060° F.—WR. 1700° F.— 
Wt. 85 lb./cu. ft.—125 lb. drums. Fur- 


nished in granular form. Produces case 
depths up to .035”. 

For further information write today for 
Bulletin No. 100. 


"Total" Case Depth Curve for "PARK KASE"’ Salt Bath. 


@ Liquid and Solid Carburizers +, Cyanide, Neutral 
and High Speed Stee! Salts yy Lead Pot Carbon + 
Charcoal yy Coke No Carb. Carbon Pre- 
venter yy Quenching and Tempering Oils yy Draw- 


ing Salts yy Metal Cleaners yy Liquid Grain Cement 


= 
= 
8 


8074 MILITARY AVE. DETROIT, MICH. 
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Embrittlement 


(Starts on page 1134) 
NaOH cannot be treated with 
sodium phosphate to prevent 
cracking. On the other hand, 
quebracho tannins, lignins and 
NaNO, appear to inhibit embrit- 
tlement when properly used. 

It would therefore seem logi- 


cal neither to accept with blind 
faith the semi-official sulphate- 
alkalinity ratios, nor with blind 
zeal to replace them with some 
other system of ratios based 
upon the effect of tannin or any 
other proposed inhibitor. Instead 
of the formulation of rules, full 
advantage should be taken of the 
testing methods now available, 
and each operator should deter- 
mine, with whatever assistance 
he may choose, the conditions 


In all sincerity we wish you 


A Merry Christmas 


A Bright, Prosperous New Year 


and an early peace that will be lasting and just 


DEMPSEY INDUSTRIAL FURNACE CORPORATION 


SPRINGHELD 


Buy War Bonds and Stamps 


MASSACHUSETTS 
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which he can most econ ically 
and effectively maintain (y his 
own boilers to minimize | like- 
lihood of cracking. 

If he has no boilers wi\h riy. 
eted seams, the operator may 
feel justified in ignoring the 
problem. He may still, however. 
wish to take precautions to ayoid 
the admittedly rare possibility of 
intergranular cracking in tube 
ends. Along with the operator 
more directly concerned because 
of riveted construction, he can, 
by means of the embrittlement 
detector, first test his boiler 
water under existing operating 
conditions. If specimens crack 
in repeated tests, he can then 
explore, in a consistent manner, 
the effect of any changes in treat- 
ment. Experience to date indi- 
cates that he will be likely to find 
practical conditions under which 
the steel of the detector specimen 
will remain uncracked. 

Having once achieved favor- 
able conditions, there is then 
much to be said for using the 
detector as a continuous indi- 
cator to be sure that some appar- 
ently unimportant change may 
not make the boiler water again 
capable of cracking steel. Allto- 
gether, the use of the embrittle- 
ment detector in this manner 
may prove as desirable as the 
measurement of carbon dioxide 
in the flue gas. 

Perhaps the answer in any 
particular case will lie in the 
use of tannin; on the other hand, 
nitrate may demonstrate its 
superiority, or the reduction of 
the sodium hydroxide content of 
the boiler water substantially to 
zero by maintainiag alkalinity 
with phosphate may prove satis- 
factory and desirable. The 
emphasis does not rightly belong 
upon any particular chemical! 
means of inhibiting cracking; 
instead, the important fact to be 
realized is that the re-investiga- 
tion of boiler metal cracking in 
recent years now has produced 4 
means of measuring the elusive 
chemical factor in this type of 
failure. 
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@ For process and final annealing of cartridge cases 
there are many instances where conditions are such 


that the Surface Combustion Batch Type Convection 


Furnace is a “natural” 


Such was the case in the installation shown above. 


This company was called upon to manufacture 105 


mm. cartridge cases. A continuous convection type 


furnace was considered for the process anneals but 
It was decided 
that for their production and over-all set up, 


batch furnaces were finally selected. 


Surface Combustion batch type furnaces were more 


WIRIEAC 


MANUFACTURERS OF INDUSTRIAL FURNACES 


economical and flexible than a single continuou 
convection furnace of equivalent capacity. 

These three batch furnaces are used for the four 
process anneals. A fourth batch type furnace (not 
shown) is used for the final stress relief anneal. 

Surface Combustion has available a wide selec- 
tion of established designs in both batch and con- 
tinuous type convection furnaces. Our engineers will 
be glad to analyze your production requirements and 
plant layout to make recommendations for the most 


advantageous type of furnace to suit your needs. 
SURFACE COMBUSTION © © © «© TOLEDO, OHIO 
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J BATCH TYPE CONVECTION FURNACES 
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AFTER 1,000,000 MILES 
TOCCO-HARDENED CRANKSHAFT SHOWS ONLY 1/1000-INCH WEAR! 


By 1/1000-inch wear on the crankpins after piling up a service 
of 1,000,000 miles ...a distance equal to 40 times around the 
world! That’s the record of one veteran TOCCO-hardened crankshaft 
on one of the country’s fastest streamliner trains. Hundreds of thou- 
sands of other TOCCO-hardened crankshafts are giving similar per- 
formance . . . giving 5 to 10 times normal life . . . avoiding delays for 
engine overhauls . . . keeping engines of the United Nations on the 


THESE ENGINE BUILDERS 
USE TOCCO-HARDENED 
CRANKSHAFTS 


Caterpillar Tractor Company 


General Motors Corporation 
Seven divisions making trucks and 
diesel engines. 


Hercules Motor Corp. 


straight path to Victory. 

TOCCO-hardened crankshafts are used by the firms listed. 
International Harvester Co. 
White Motor Company 


Worthington Pump & 
Machinery Corp. 


and many others. 


Investigate TOCCO for improved and faster hardening, anneal- 


ing, brazing and heating. 


THE OHIO CRANKSHAFT COMPANY 
Cleveland, Ohio 


HARDENING 
ANNEALING 
BRAZING 
HEATING for 


forming and forging 


Just pus World's Fastest, Most Accurate Heat-Treating Process 
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100,000 More Tons 
with Compliments 


N the year since Pearl Harbor, 
Basic service engineers have 
installed Ramix bottoms in 39 
open hearth furnaces and major 
repairs in many more. Each job 
has meant a saving of 5 to 10 days 


in construction time. 


By getting these furnaces into 
production so much sooner, oper- 
ators have been able to turn out 
nearly 100,000 tons more steel than 
would have been possible had 
conventional burned-in magnesite- 


and-slag bottoms been installed. 


Every open hearth and electric 
furnace man today knows Ramix. 
Of 188 basic steel plants in the 


of Steel for Victory 
of Basic Engineers 


United States and Canada, 147 or 
78.2% are using this cold-ram- 
ming, quick-setting magnesia 
refractory. Of 95 electric steel pro- 
ducers, 75 or 78.9% have one or 
more hearths of Ramix. Many 
others are using it as a repair 
material. Operators and engineers 
alike subscribe to the belief that a 
Ramix hearth is as near foolproof 


as present knowledge can build. 


Basic Refractories, Incorporated 
offers this product and the services 
of its field engineers to assist any 
and every steel plant in producing 
the maximum tonnage of steel 
which is needed to bring Victory 
to American arms. 


REFRACTORIES 


BASIC REFRACTORIES, INCORPORATED 


845 HANNA BUILDING 


CLEVELAND, OHIO 


Represented in Canada and Great Britain by 
Canadian Refractories, Limited, Montreal, Quebec 


Vetal Progress; Page 976 


lim 
3 
tg 
Ra 
a 
4 
A 
#2 
4 
BASIC HEARTH 
i 
“4 
4 ‘ 
4 
q 
F 3 
“if 
> 
J 4 
| 
if 
G 
q 


With it to help 


Micromax. hung in improvised mounting, works while it waits for its steel panel to arrive 
ing Co. 


the furnace operator gets much closer control of a frit smelting furnace in plant of U. S. Star 


ENAMEL WARE MFR. STEPS UP PRODUCTION 
By Using Micromax Control for Frit Furnaces 


Faced with the need for a big increase in the frit-smelting capacity of its gas-fired 
pot furnaces, the U. S. Stamping Co. has found Micromax Pyrometers “very helptul”’ 
n securing the close, dependable temperature-control which is necessary to such an 
increase, 

The instruments for one furnace consist of a Micromax Round Chart Recorder, 
range 1100-2300 F, and a 24-inch open-end Rayotube radiation-detector. The Rayo- 
tube is mounted in an iron tripod on the furnace roof. Its open-end tube extends 
through a hole in the roof (to which it is of course luted with fire-clay) and is 
aimed at the surface of the charge in one of the pots. The Micromax Pyrometer to 
which the Rayotube is connected records this radiation as temperature, so that when 
the workmen regulate the fuel valves, they are being guided by the radiation trom 
the surface of the bath, instead of depending, as they formerly did, on the temperature 
of the furnace. The result is a uniformity of temperature never achieved betore in 
these furnaces. 

If the benefits of automatic temperature control of the furnace are desired in such 
in application, the best practice is to use a closed-end Rayotube, (instead of the open 
end one) in the furnace roof, and to equip the valve and the Micromax Pyrom 
eter for full-floating, proportional Micromax Electric Control. Under this system, 
the Micromax brings the furnace up to temperature on the basis of the closed-end 
Rayotube, and thus lets the furnace itself select the fastest heating rate which it can 
stand, and then, when at temperature, call for such heat as it needs to maintain its 
temperature. 

The correct control system, for any war-busy furnace, will be gladly selected for 


you if you will forward details of your problem. 


Jrl Ad ENT-0600C(53) 


TELEMETERS - 


MEASURING INSTRUMENTS - 


LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA. PA. 


AUTOMATIC CONTROLS - 


Carburizing The New 
Alloys Is Helped By 


Four-Factor Control 


The fine results being secured with the new 
low-allov steels are, of course, largely due to 
successtul heat-treatment and, in more than 
a hundred plants, this heat-treatment consists 
largely of Homocarb Method Carb 


For this method gives the close, constant, 


accurate control of carburizing, which ts 


increasingly needed as the percentages of 


alloving metals are reduced. Homocarb regu- 


lates four important factors: 


Typical Homo-Carburized parts for machine tools 


1. Quality of Carbon Sources The gas 
which supplies the work with carbon comes 
from a special fluid which is of assured, 
uniform, lab-controlled purity. This gas is 
pushed into every part of the furnace load by 
means of a Homo Method fan; so that car- 
burizing action is uniform throughout. 


2. Supply of Carbon Source A precis 
injector-pump automatically teeds the desired 
amount of Homocarb Fluid into the furnace, 
so that amount of carbon supplied is exactly 
what the metallurgist desires. 

3. Time of Carburizing. The equipment's 
Micromax Controller records the length of 
time, so that this factor can be exactly reg 
lated. 

4. Temperature. A Micromax Recording 
Controller holds the temperature at the de 
sired point, and records the heating rate, the 
temperature and duration of soak, and the 
time of removal from furnace. Records are 
permanent; analyzed in the light of results, 
they end uncertainty. 


With these 4 factors under control, the heat- 
treat has a precision tool for carburizing; it 
saves time, space, work and rejects. For 
further information, see our Catalog T-623, 
or put your problem directly up to us. 


HEAT-TREATING FURNACES 
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a Oe Alarms and other clocks may not be 
oa as plentiful as they once were... 
: although it is believed there will be 
enough for every war worker. But 


fewer clocks, and fewer everything 


for civilians, is good news for 
> Americans because it is the worst 
om of news for Hitler. 


eA In converting production facilities 
from clocks to war essentials, manu- 
facturers were able to overcome new 
problems easily and quickly in co 
operation with the Revere Technical 


Advisory staff. For in all problems of 


REVERE COPPER AND 


Beis 


copper and its alloys, Revere supplies 
a service, in addition to sound metals, 
that helps untie the knots of process- 
ing and fabrication. 


Every ounce of copper our country 
can produce goes directly into war 
essentials. Fortunately, Revere is well 
equipped, with modern plants, im- 
proved machines and advanced tech- 
niques, to assume a heavy responsi 
bility in meeting critical needs. And 
Revere research is continually un- 
covering new knowledge about cop- 
per to help make our arms more 


swift and sure. 


BRASS INCORPORATED 


Founded by Paul Revere in 1801 
EXECUTIVE OFFICES: 230 PARK AVENUE, NEW YORK 
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What the clock manufacturers are making would alarm Hitler 
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E has just turned eighteen. Shaves twice a week 

and maybe a hair or two is sprouting on his 
chest. He shies away now when his dad tries to be 
affectionate and we noticed some lipstick on one of 
his handkerchiefs after a country club junior dance 
not so long ago. But it seems only yesterday, perhaps 
it was the day before, that he was a chubby legged kid 
swinging from the arch of the doorway, leading to the 
dining room, in a gadget that was something like a 
breeches buoy and he was sucking at the end of a 
turkey bone. 
He went back to school this Fall, a tall, athletic lad, 
budding into manhood, but there was something else 
on his mind beside the football and hockey teams or the 
little blonde girl with whom he had “palled” around 
during the Summer. It seems as though he was listening 
for a certain call—the Clarion call that poets sing 
about—and, perhaps we just imagined it, but we 
thought we saw an upward jutting of his chin, a cer- 
tain light in his eyes, and a sort of a rearing-to-go 
expression in his face. 
It chilled us a bit in the region of our heart, when we 
thought of his discarding the sports coat for the 
“O.D.” of the Army or the blue of the Navy. There 


‘ 


was a bit of a catch in our throat as we thought of his 
putting aside his football helmet for one of steel; of 
his hanging up his hockey stick and reaching for a 
gun. After all we still regard him as just a little boy. 


They tell us that the eighteen and nineteen year old 
lads are to be called to the service. When that day 
comes to us there will be prayers, but no tears. We 
shall not mourn nor shall we be fearful. Rather there 
will come welling up from our hearts that warm feel- 
ing of pride that millions of other parents will sense 
when their beloved lads marched away. Our lad is no 
different than the others. We are no different than 
other loving parents, nor is our sacrifice any greater. 
They are going to make great soldiers, sailors, marines 
and fliers out of these youngsters. And they will be- 
come a mighty force when they take their places be- 
side their brothers in arms. They too know what they 
fight for. They too know full well of the sacrifices that 
must be made before the evil powers that threaten the 


world can be overcome. 


And let us not forget that they are counting on us. 
They know that we shall not fail them. 


God be with them and their brothers. 


THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y. 


Pat 
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HEN it comes to good alloy 

castings, there is more to it than 
composition. The rest of it is design, 
experience, and foundry skill. Into 
our Alloy 502, go all these require- 
ments. It contains 35 nickel and 
(please note) 18.5 chromium, and 
we've been making it for thirty years. 


HOSKINS PRODUCTS 


ELECTRIC HEAT TREATING FURNACES + + HEATING ELEMENT ALLOYS + +» THERMOCOUPLE AND 
LEAD WIRE + + PYROMETERS + + WELDING WIRE + + HEAT RESISTANT CASTINGS « + ENAMELING 


All our melting is by high frequency 
induction which assures uniform 
composition. . . . So, for all your 
“hot” jobs, you should investigate 
Alloy 502. It’s available cast or 
wrought. Tell us your problem—we 
think we can help. .. . Hoskins Manu- 
facturing Co., Detroit, Michigan. 


FIXTURES + + SPARK PLUG ELECTRODE WIRE - + SPECIAL ALLOYS OF NICKEL + + PROTECTION TUBES 
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... and LATROBE helped increase output as much as 300% 


A large user of die steels, had 
been using a steel of a particular 
analysis which for years had given 


/ his Is atar of good performance, Yet production 


METALS 


had to be increased! 

Latrobe's trained metallurgical 
staff was called upon to provide 
a solution. Many factors had to 


It calls for conservation and re- 


placement of critical metals. It 


be considered. such as toughness, 


presents new problems in selec- 


tion, application and handling of 


tool steels. You'll find Latrobe 
Metallurgical Service a vital war- 
tume aid in such cases ...we'll glad 


ly help you without obligation! 


ELECTRIC STEEL COMPANY / 


deformation in heat treatment. 
ductility possible with high hard- 
ness, ete. The answer required 
diligent application, exhaustive 
study, patient research, 

But the result proved the worth 
of Latrobe Vetallurgical Service. 
for production per die was in- 
creased as much as 300%. 


MAIN OFFICES and PLANT © LATROBE- PENNSYLVANIAZ 
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ways 


help win the war 


Save Scrap 


Your help is needed to supply the millions of tons of 
scrap iron and steel necessary to speed vital production 
and help win the war. Collect the scrap from your 
plant NOW—then rush it to Steel Producers through 
regular Scrap Dealers. And keep it moving! 


= 


Conserve Strategic Alloying Elements 


The use of N-A-X 9100 Series of alloy steels conserves critical 
alloying elements—because in this versatile steel all stra- 
tegic elements are held to an absolute minimum. N-A-X 
9100 Series is supplied in two general grades, with and 


without molybdenum, all other components of this 


analysis being held constant. 


GREAT LAKES STEEL CORPORATION 


Detroit, Michigan 
Sales Offices in Principal Csties 


Division of 


NATIONAL STEEL CORPORATION 


| Executive Offices - Pittsburgh, Pa. 
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PUMPS 


70. LEXINGTON AVENUE 
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4 | COLD ROLLING MILLS FOR SHEETS OF LIGHT METAL sane 
HYDROPRESS 
ENGINEERS ONTRACTORS | 
HYDRAULIC PRESSES ROLLING MILLS 
ACCUMULATORS 
| 


Do More and Do It Better . . with 


CITIES SERVICE PRECISION 
LUBRICATION! 


Anything that can be done to speed up 
production —~must be done. 


And one thing you can and should do is to 
consult with an experienced Cities Service 
lubrication engineer for ways and means of 
speeding up production and improving 
finish and tool life. 


There is no cost nor obligation to you for 


this consultation. Just phone, write or wire 
your nearest Cities Service office. 


Cities Service cutting oils have stood up 

to the toughest tests of day-to-day 

shop operation. That’s why more and more 

wartime producers of urgently needed 

materials are relying on Cities Service to 

make every second —and every dollar 
count ! 


Oil 1S AMMUNITION—USE IT WISELY! 


Write to — iL COMPANY 
CITIES SERVICE Tower, N. Y- 


Sixty 
Room 1326, 
any of the following 
CLEVELAND - 
BOSTON - TORO 
ort 


COMPAN 


ARKANSAS FU _ BIRMINGHAM 


SHREVEPORT _ ATLANTA 


EVERY 


A copy of a booklet useful to all cutting fluid 


users will be sent on receipt of the coupon below 


! Please send me your booklet, ‘‘Metal Cutting 


| 
§ Lubrication.” 
| 
Name | 
! | 

Firm Name 

! | 
Address | 
| 
City State 


INDUSTRIAL NEED 
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multiplied demand— shertage of skilled tool makers 


new tool designs new steels 


uncharted applications new treatments 


high precision restricted choice of steels 


‘© on wartime tool steel problems 


Top speed war production demands TOOLS — more tools than dreamed 
of in peace time — new kinds of tools for new war time jobs. The tool 
industry is tackling this tremendous task short of skilled tool makers and 


restricted by shortages in their choice of steels. 


Solutions to these new problems are being worked out every day by the 
tool industry. Frankly, we don’t have all the answers but our contacts with 
American tool makers determined to win this war puts us in a position to 
assist you in finding solutions to some of the particular problems that may 


be facing you. 


On your problems of steel selection and treatment of tool steels, we would 
be very glad to have you get in touch with us. For your convenience, we 


are listing below the addresses of our district offices. 


COPPERWELD STEEL COMPANY - WARREN, OHIO 


BUFFALO 1127 Liberty Bank Building Washington 7283 
CHICAGO 122 S. Michigan Avenue Harrison 1411 
COP P< O CLEVELAND 1158 Union Commerce Building Cherry 1326 
TOOL STEELS DETROIT 7-251 General Motors Building _Trinity 1-1760 
z NEW YORK 117 Liberty Street Cortlandt 7-8314 
~ 
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Monessen, Pa., Atlanta, Chicago, New York, Pittsburgh, San F 
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he Brown “Continuous Balance” Air- 
o-Line Potentiometer Controller is the 
culmination of more than three-quarters 
of a century of experience in building 
industrial measurement and control instru- 


te 
mens. 


The experience of the past combined with 
the demands of today have resulted in a 
new potentiometer air-operated controller 
that will meet the needs of many future 
years. 
In this radically new potentiometer con- 
troller a “Continuous Balance” Unit takes the 
place of the galvanometer used in the con- 
ventional mechanical-type potentiometer 


employing a periodic or cyclic mechanism. 


ventional 


itis the only potentiometer-type instrument 
in which the air control flapper mechanism 
is instantly positioned in response to tem- 
perature changes. 


The “Continuous Balance” measuring sys- 
tem makes it possible to take full advan- 

of thermocouple responsiveness. 
itive control action is assured by the 


MA 


Wadsworth Road 


Continuous 


if ‘ THE BROWN INSTRUMENT COMPANY, 
DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR CO. 

MINNEAPOLIS, MINNESOTA AND 119 PETER STREET, 
Per 


Vaic 


WORKING 


Toda 


INDUSTRIE 


well-known, dependable Brown Air-o-Line 
Control Unit, thousands of which are in 
service throughout industry. 


The Brown Circular Chart Air-o-Line Po- 
tentiometer Controller brings to industry, 
for the first time, the ideal synchronization 
of measurement and control for tempera- 
ure processes. 


BULLETIN SENT ON REQUEST 
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4503 WAYNE AVENUE, PHILADELPHIA, 


TORONTO, 


Middles« England Nybrokajer Stock! 


x 


CANADA 


IN THE WAR 
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| 4,500 POUNDS OF CHROMAX™ 
o < Yes a 4,500 pound retort 26” diameter, 13 feet long, 
cm a with a 6” high spiral cast integral with the body which 
4 ty by rotating propels work through. 
y me This retort and many more like it, furnished to W. S. 
. Rockwell Co. from the same pattern, are probably the 
“4 biggest factor in the production of small arms cartridge 
cases. 
"g Just one of the many jobs going through 
the Driver-Harris foundry where one finds 
both the productive facilities and the tech- 
nique gained from years of experience. 


*TRADE MARK REG. U.S. PAT. OFF 


HARRISON, NEW JERSEY 
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| n numerous cases, the in- 
troduction of THERMONIC 
Induction Heating has re- 
moved the time-wasting link 

from the production line chain, 

and has speeded it up to mass 
production requirements. The pho- 
tograph at the right shows a typical 
THERMONIC production setup, installed 
ot the ER plont, turning out 
15,000 brazes on QR. sin 20 hour 


day. Plants from coast to coast are using THERMONIC 


A series of Dota Sheets com- 


pletely covering the subject of 


equipment in order to keep up on their production sched- 
ules. Why not use the wealth of “production” experience monthly. Nos. 1, 2, 3 and 4 are 
possessed by the THERMONIC Research and Development reudy fer you. Witte to Capan- 

ment A on your company let- 


Engineering Staff to solve your next production problem? ———" 


INDUCTION HEATING CORPORATION 


Designers. Builders «Of Thermonic Heat Treating Equipment 
389 LAFAYETTE STREET, NEW YORK CITY, N.Y. 
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INDUSTRY 


Seven days a week America is doing one of the greatest 
jobs of production the world has ever known. We are liv- 
ing with one part of that job here at Alcoa, where over 
seventy thousand men and women are producing Alumi- 
num in quantities that were mere fantasy yesterday. 

But there’s an eighth day tucked in among the few 
open spaces in the seven-day week. Engineers are able 
to squeeze in some important Imagineering about post- 
war products—planning that will help convert war 
jobs into peace jobs. 

For instance: 

Imagine what 1,000 pounds less weight in the 
automobile of the future would mean in performance, 


gas economy and tire life. Then engineer it down 


to the realization that 1,000 pounds can be taken off 
by using, say, 500 pounds of Aluminum per car. 

Now translate possibilities such as these into your 
own business. 

Aluminum costs less today. New methods, tech- 
niques, processes, and new forms of metal coming out of 
the war effort will all be available for the as-yet-untold 
possibilities in tomorrow’s peacetime products and 
peacetime services. 

Our eighth day is devoted to helping Imagineer- 
throughout industry use the potentialities of Alcoa 
Aluminum in bettering the new ideas they are dreaming 
up. ALUMINUM Company or America, 2101 Gull 


Building, Pittsburgh, Pennsylvania. 


ALCOA ALUMINUM 


ALCOA 
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Recirculating-Cylindrical 


for air drawing at 1250°F* 


*and for other 


Here’s an all-purpose MAHR heat proc- heating processes 
essing unit with great flexibility of use. : : 

For heat application to ferrous or non- at intermediate 
ferrous metals, also plastics—it handles temperatures 
a wide variety of small parts for war pro- 
duction—and will be equally adaptable 
later to the needs of peace time manu- 
facturing. It has a quick heat-up and 
remarkably uniform temperature con- 
tinuously during the treating period. 
This MAHR unit is very economical 
because of its efficient recirculating de- 
sign and thorough insulation. MAHR’S 
quarter century of experience assures 
its dependable quality. 


LONGITUDINAL CROSS-SECTION VIEW 


showing arrangement of blower, ducts, and 
cylindrical heating chamber, with collector 
ring at top proportioned for uniformly even 
flow of air back to heating chamber for 
recirculation. 


” 
| 
Gas or Oil Fired with manual control as stand. 


ard. Temperature control and flame failure 
safety equipment available at extra cost. 


Construction is of mild steel casing with re- 
movable top for easy access to inside. 


Self-Sealing Lid for heating chamber provides 


me a tightly sealed joint when closed, and also 
: locks itself in position when open. It is an 


Wh UMMM 

ddd Fan, Shaft and Duct are of special heat re- 
: sistant alloy steel. Fan on shaft cools shaft 

bearing. 


extremely easy working mechanism. 


Lining is best grade refractory. Cover is lined 
with castable refractory insulation. Treating 
chamber is walled with fire brick. 


MAHR FURNACES Insulation as noted in cross section is brick and 
FOR EVERY HEAT TREATING NEED - - a block insulation that effectively keeps the heat 
ANNEALING Furnace Types: Other MAHR ngineer within the unit. 
CARBURIZING CAR BOTTOM Equipment he can help you 
BAKING PIT RIVET FORGES onan pees erent Made in 9 sizes — Cylindrical basket sizes for 
HARDENING treating chamber range in diameter from 12 
FORGING CONTINUOUS BLOWERS phone today. to 48" and in depth from 16” to 60". Special 
DRAWING POT VALVES sizes can be made. 
STRESS RELIEF ROTARY SMITHING FORGES 
KKK Sales Offices in Principal Cities 
® * 
Sav * * 
SaeALL MAHR MANUFACTURING CO. Buy MORE 
» your scrap! * DIVISION OF DIAMOND IRON WORKS, INC. . War Bond: * 
* * 1700 NORTH SECOND STREET - MINNEAPOLIS, MINNESOTA, U. S. A. a 
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MODERNIZE IMPROVE 


DEPENDS ON 


CAST STEEL 


Vital parts of the Diesel engines that drive trains 


and ships and trucks are steel castings. These rarely- 
seen arms and gears and valves and housings deliver 
unfailing production of power, maintaining their 
precision fit, and their resistance to high pressure 
wear, heat, vibration and fatigue. 

Wherever tough conditions must be met by metals, 
steel castings are giving faultless performance. 

From small parts precisely shaped to close toler 
ances, to large structural members weighing tons 
castings are the most economical means of securing 
the many desirable properties of steel. 

They help to speed up manufacture—to save 
time in finishing and assembly. Often they are 
complicated shapes that could not be economically 
produced by any other method. They afford almost 
infinite variety of mechanical properties readily 
obtainable by using different heat treatments and 
alloy additions. They may be perfectly welded in 
composite structures. 

If you’d like to have your own products analyzed 
to see where steel castings can make them bette! 
or less costly to build, consult your own foundry 
man, or write to Steel Founders’ Society, 9 


Midland Bldg., Cleveland. No obligation of course 
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Practically all of the equipment in 


this installation will be readily 
convertible to automobile forg- 
ings, as small as |" in diameter, 


when the emergency is over. 

It will be possible to heat any 
section of the bar by changing the 
taps on the heater. 

In fact, about 80 per cent of all 
investments now being made in 
Ajax heating or melting furnaces 
can be converted to produce new 
economies in peace-time efforts. 


and later on- 


With line production "floating" on conveyors and high fre- 
quency heating for forging, 75 and 105 mm shells are put 
through this plant, from bar stock to packaged shells, at the 
rate of 20,000 per day. 

Ajax-Northrup high frequency heating was chosen be- 
cause of the short time cycle, small space required, low unit heating cost, 
freedom from scale and therefore longer life of the dies and less down 
time for changing tools. 

The layout shown above with three heater cubicles, for instance, heats 
one 105 mm billet every 40 seconds. Five heaters turn out one 75 mm shell 
every 23 seconds. 

Time of heating is automatic. On account of the small heat loss, oper- 
ators experience little or no discomfort, and the synchronous motors that 
operate the high frequency generator are of material value in improving 
the power factor of the entire plant. 

If you are considering a government contract, we will send you a 
reprint of an article giving details. We suggest that you become familiar 
with the effect that high frequency will have on civilian production as indi- 


cated at the left. 


NORTHRUP AJAX ELECTROTHERMIC CORPORATION, AJAX PARK, TRENTON, N.J. 


ASSOCIATE COMPANIES: THE AJAX METAL CO. Non-Ferrous Ingot Metal for foundry use. 
AJAX ELECTRIC FURNACE CORPORATION. Ajox-Wyatt Induction Furnaces for melting. 
AJAX ELECTRIC CO., Inc. Ajax-Hultgren Salt Bath Furnace and ResistanceType Electric Furnaces, 


| 600 Kw 400 vor 
1920 CYCLE 
| 
AjAX 


vou machine 


N plant after plant, Gulf Cut-Aid is demonstrating its 
superiority as a cutting fluid for aluminum. Here are 
typical results with this revolutionary new Gulf product: 

Operation—turning aluminum castings, 3” cut 
Result, using 
Gulf Cut-Aid—20% increase in production, 75% 
better finish (est.), longer tool life 

2. Operation—tapping a +4” diameter hole in a 14” 
thick instrument cover plate 


Undercutting the valve seat on an aluminum 
alloy cylinder head in the plant of a promin- 
ent aircraft engine manufacturer. 


Problem—| part in 20 rejected due to cracking 
Result, using 

Gulf Cut-Aid—over 500 cover plates tapped with- 
out a reject. 

In addition to its function as the ideal cutting fluid for 
aluminum, Gulf Cut-Aid has another important function 
— it is an effective energizer for other cutting oils, 
regardless of type or viscosity. Blended in varying pro- 
portions depending upon the various requirements of the 
job, the use of Gulf Cut-Aid with other cutting oils 
results in improved finish or longer tool life, or both. 

Call in a Gulf service engineer today and let him 
demonstrate — in your plant — how Gulf Cut-Aid and 
other Gulf quality cutting oils can help improve your 
machining practice. Gulf Oil Corporation, Gulf Refining 
Company, Gulf Building, Pittsburgh, Pennsylvania. 


Gulf Oil Corporation - Gulf Refining Company MP 
3800 Gulf Building, Pittsburgh, Pa. 

Please send me, without obligation, a copy of the new booklet, 
“Gulf Cutting Oils,”’ which includes a 24-page Machining Guide 


Company 
Name 
Title 


Address 
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The weight of our planes is materially lowered by the 
use of magnesium which Dow is extracting in vast 
quantities from the waters of the sea. Fighting aircraft 
fly faster and farther by virtue of this strategic weight- 
saving metal. The social effect of wide-scale applica- 
tions of magnesium will be fully realized only when 
Victory releases it for unrestricted peacetime uses. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN <a 


The Lightest Structural Metal... A Full Third Lighter Than Any Other in Common Use 
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THE PROPERTIES OF LEAD 
Plasticity, Malleability and Pliability 


PLASTICITY ¢ The ease with which thin tubes of lead can be squeezed or folded by hand is 
responsible for its ever increasing use in the manufacture of collapsible tubes. Such tubes are 
usually made of about 98% lead and 2% antimony to stiffen and strengthen the walls. Lead 
collapsible tubes offer a number of other advantages. Among them are immunity to breakage; 
savings in freight and space; and protecting those products upon which moisture, air or light rays 
have a deteriorating effect. 


MALLEABILITY ¢ The major application of lead, because of its malleability and plasticity, 
combined with its high corrosion resistance and comparatively low cost, is in the manufacture 


of lead foil. A com- 
parison of these prop- Equivalent Deformation | Order of — 
. . pe . in. idde Plasticity 

erties of lead with Ibs. per sq. in | (Liddell) astici 
Lead 4,500 3 2 

other common non- Tin 

ferrous metals is given Aluminum 25,500 , 1 

in the table attheright: | Zinc 29,000 | 4 


Lead foil is impermeable to moisture and the passage of light rays; it will not impart the slightest 
trace of taste or smell to the commodity which it protects. The foil industry has used as much as 
39,000 tons of lead in a single year. 


PLIABILITY « The pliability of lead is an important contributory factor in the wide use of the 
metal for pipe, tubing and cable sheathing. This property allows almost any length of lead pipe 
to be reeved through holes cut in walls or beams, making fewer joints necessary; it also permits 
lead pipe to be bent to the necessary angles, eliminating many elbows and nipples required by 
more rigid materials. The pliability of lead also permits expansion and contraction of the pipe 
due to changes in temperature, as well as any distortion that might occur because of uneven 
settling or vibration in the ground. 


Tea protected with lead foil, One Lead work installed on the Silver Bow Collapsible lead tubes are 
package is torn open showing the foil Housing project at Butte, Montana, well adapted to packaging 
lining, which is 0015 in. thick. shoe polish and innumer- 


able other products. 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE NEW YORK Eldorado 5-3200 


THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 
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What Zirconium Does 
For Steel... 


MONG the many “Electromet” ferro-alloys are a number of 
special deoxidizers. Each has particular value for certain 
war production jobs. One of the most powerful is Zirconium. 
Not only does it effectively remove oxygen, but it also reacts 
with nitrogen and sulphur producing a fine-grained steel free 
from harmful inclusions. Alloying quantities of Zirconium (up 
to 0.15 per cent) are essential in the balanced composition of 
certain of the low-alloy, high-tensile engineering steels. In tool 
steels it is reported that Zirconium improves the hot-working 
properties, improves the surface, reduces notch sensitivity, and 
lessens tendencies toward cracking during heat treatment. It 
increases the impact values of high-phosphorus Bessemer steels 
and gives better hot-working properties in free-machining high- 
sulphur steels. Zirconium is also used for reducing porosity in 
green-sand castings and for reducing age-hardening in deep- 
drawing steels. 

For most effective results Zirconium is added in combination 
with silicon. We make two Zirconium alloys. . . one containing 
12 to 14 per cent Zirconium and 39 to 43 per cent silicon; the 
other, 35 to 40 per cent Zirconium with 47 to 52 per cent silicon. 
If these Zirconium alloys can help in your war production job, 


one of our metallurgists will be glad to call and discuss them 


with you. 


ELECTRO METALLURGICAL COMPANY 


Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street UCC 


New York, N.Y. 


Items of Interest 
about other 
“Electromet” Ferro-Alloys 


For Cleaner Steel, Make a 
Final Addition of Calcium- 
Manganese-Silicon — Calcium- 
manganese-silicon, used as a final 


alloy addition to steel, produces a 
cleaner, coarse-grained steel with 
deep-hardening properties. Long com- 
mercial use of this combination alloy 
has proved its merits for this purpose. 
Calcium -manganese-silicon is also 
being successfully used to deoxidize 
all types of stainless steel, high-speed 
tool steels, and special steels subject 
to transverse testing. 


Columbium Improves 4 to 6 
Per Cent Chromium Steels — 
When wrought 4 to 6 per cent chro 
mium steels contain a small amount 
of columbium, they do not air-harden, 
and are more ductile even in the as- 
rolled state. They have higher creep 
strength, toughness and oxidation re- 
sistance at high temperatures. Weld- 
ing and cutting are facilitated, and 
subsequent annealing is unnecessary. 


Medium-Carbon Ferroman- 
ganese Simplifies Production 
of Low-Carbon Steel — When 
medium-carbon ferromanganese is 
used in the production of steel, it is 


not necessary to reduce the carbon in 
the molten metal to the extent re 
quired when higher-carbon grades are 
used. Oxidation of the bath is, there 
fore, much less severe. Valuable min 
utes of furnace time are saved. Re- 
fractory costs are reduced. Furnace 
output and yield are raised. 


Low-Carbon Ferrochrome 
Produces Better Chromium 
Steel — The lower carbon content of 
low-carbon ferrochrome as compared 
with high-carbon ferrochrome in 
hibits the formation and segregation 
of hard chromium carbide areas in 
chromium steel. A better, more uni- 
form steel results. 
e 


Write for This Booklet —If you 
want more information about these 
and the many other “Electromet” 
ferro-alloys and metals, their use, 
and the service that goes with their 
purchase, write for this 24-page 
booklet entitled “Electromet Prod- 
ucts and Service.” 


Electromet 


Trode Mork 


Ferro-Alloys & Metals 


Distributed through offices of Electro 
Metallurgical Sales Corporation in Bir 
mingham, Chicago, Cleveland, Detroit, 
New York, Pittsburgh, and San Fran 
cisco. In Canada: Electro Metallurgical 
Company of Canada, Limited, Welland, 
Ontario. 


The word “Electromet” is a registered trade-mark of Electro Metallurgical Company. 
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Endogas atmosphere producing 
generator 


* AUTOMATIC CARBON PRESSURE 
CONTROL — Keeps output analysis con 
stant and insures uniform atmospheres 

@® CLEAN-HARDENS WITHOUT “DE- 
CARB”—Endogas prevents “soft skin” 
on all carbon and alloy carbon steels. 

®@ CUTS FINISHING COSTS—Endogas 
eliminates expensive cleaning. 

@ NO REPLACEMENTS OR REPACKING 
TO AFFECT OUTPUT—Endogas cenera- 
tor consumes no charcoal, oil or coke. Re 
placements and cleaning are unnecessary. 


No charcoal to replace 


No carbon to remove -: with 


Vetal Progress 


Box type Endogas 
used for batch prod 
gears and other enging 
the plant of an airpla: 
manufacturer. 


nace 


“Westinghouse 


CONSTANT- 


Westinghouse ENDOGAS—the constant-control heat- 
treating atmosphere greatly simplifies continuous production 
in hardening applications. 


ENDOGAS permits clean-hardening of any SAE steel with- 
out decarburization. It is derived directly from ordinary fuel 
gas. It consumes no charcoal, coke or other solid or liquid fuel 
which must be replaced. Westinghouse has developed auto- 
matic carbon pressure control which maintains a constant 
‘carbon balance’ with the steel to be treated. This enables 
clean-hardening any SAE steel parts on a continuous produc- 
tion basis without decarburization or carburization. 


ENDOGAS is low in cost—requires no costly auxiliary 
equipment. It is available for use with a complete range of 
Westinghouse heat-treating equipment, including box type, 
pusher type and belt conveyor type furnaces. Ask for complete 
data. Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa., 
Dept. 7-N. J-10235 


Page 1000 


i 
gine 
i 
= 4 
g 
4 
« 
SCOMPLETE HEAT-TREATING EQUIPMENT 


ESTING is an integral part of 

production at Allegheny Ludlum 
mills. Thousands of dollars worth 
of amazingly accurate machinery 
are on the job in each mill, testing 
tensile strength, elastic limit, elon- 
gation and reduction of area—all 
the essential properties of each stain- 
less grade—before it is shipped out 
lor war production. 

But after shipping, what? This 
Allegheny Stainless, made and tested 
to such rigid exactness, is a war 
material of the most vital sort. Every 
alloy in it stands high on the critical 
list. Is it being used as carefully as 
itwas made? Are fabricators getting 


* 


the maximum number of products 
and parts from every ton, with the 
least possible loss in rejects, spoil- 
age and other forms of waste’ Are 
high alloys being used in places 
where lower alloys would suffice? 
We urge you to check or re-check 
these questions against your own 
use of Allegheny Stainless, as a 
matter of vital concern in national 
conservation of materials. Espe- 
cially do so if your plant, as a con- 
verted industry, is relatively un-used 
to the handling of stainless steel. 
@ We'll help you in any way pos- 
sible to make the nation’s supply 
of metals and alloys go farther. 


* 
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OFM Photo by 
Palmer, in an 


Allezhen) Ludlum Plant 


Technical information, fabricating 
data, or the personal assistance 
of our Technical Staff, are yours 
on request, 


MMlegheny Ludlum 


GENERAL OFFICES: PITTSBURGH, PENNSYLVANIA 
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STEEL CORPORATION 


PRODUCTION TOOL...WORLD WAR II 


T opay, precision testing machines have become real production 
tools . . . tools that foretell success or failure for vital war materials 


Because the name RIEHLE stands for America’s oldest manufacturers 
of testing machines, it has meant their logical acceptance from the first 
moment industry linked speed with accurate testing. Riehle Machines 
are making an important contribution in our present battle of produc 
ion, proving repeatedly, In Wartime as 1n peacetime, that 

““ONE TEST IS WORTH A THOUSAND EXPERT OPINIONS Xa 


Model P-3 (illustrated at left) Universal type machine expressly 
designed to speed up routine tension testing of wire, strips, sheets 


and light bars. One hand wheel control. Five scale ranges. Open 


gripping heads at convenient height. Capacities up to 30,000 pounds 


] RIE L TESTING 
MACHINES 


Division of American Machine and Metals, Inc., East Moline, Hlinois 


. 
One test is worth a thousand expert opinion 


UNIVERSAL MACHINES FOR TENSION, COMPRESSION AND TRANSVERSE TESTING @ IMPACT TESTERS @ 
VICKERS HARDNESS MACHINES @ BRINNELL HARDNESS TESTERS AND MEASURING INSTRUMEN 
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oR 
ING POINTS OF METALS SCALE. 
AND ALLOYS ce. 
PRACTICAL IMPORTAN DEG.F. DEG.C 
3000 
CHROMIUM 
-2900 @oo & 
| ~ 
GHT IRON—— | PURE oON— 
| +—1500 
ALLOYS + MILD 
KEL NICKEL — A 
COBALT ~ 2600-4 
HROMIUM SILICON 400 
HARD STEEL + 
KEL STLS MONEL 
RONS 
Welding Operator 
HAYNES | : 
ALLOYS 
MANGANESE 
—— 2200-4—1200 
L 
| CAST !RON 2100-3 ve. Ow The chart at the left lists the melting 
= points of various alloys and metals and also 
ener | —— 2900 serves as a convenient means for computing 
CAST IRON + conversion between Centigrade and Fahren- 
: 200-4 LEMON heit temperature scales. On the far right of 
J 1000 the scale are shown the color designations 
iB00 that are commonly used in judging the tem- 
SILVER + peratures of hot metal. 
BRASS 1 i700 + SALMON 
> s00 Melting Points 
+ BRIGHT 
| 1\e@00 > RED This chart should prove useful to all weld- 
=a ing operators. For instance, reference to the 
| BRONZE 1 1500-F 250 CHERRY chart, shows that aluminum and aluminum 
+ _ om. alloys, because of their low melting points, 
i400 give little or no indication by change in 
: - color when they approach welding heat. On 
| (1300-#-To00 §=CHERRY the other hand, the high melting point of 
SAR wrought iron explains why considerably 
= 
af Lhe 2 CHERRY more heat is required to weld this metal 
| ANTIMONY - than is required for cast iron. 
Loo 
| 
| RED » 
Temperature Color Scale 
| ALLOYS 1000-+ FAINT Another use for the chart is in estimating 
| = RED the temperature by color. For instance, in- 
900-+ 50° structions may require that a part be pre- 
= BLACK heated to 1,100 deg. F. before welding. 
| MAGNESIUM Reference to the chart shows that the part, 
| ALLOYS 1 at 1,100 deg. F. would have a blood-red 
= color. With a little experi- 
oS (POR VICTORY ence, you can estimate this 
fairly closely by eye. The col- 
TIN ALLOYS 300 4 BUY or scale is for observations 
= WAR | made in a fairly dark place 
500-> woxps | and without welding goggles 
+ sees) As the light increases, the col- 
aa 4004-200 i or groups on the scale will ap- 
LEAD ALL = | | ply to higher temperatures 
THE LINDE AIR PRODUCTS 
COMPANY 
+ l nit of l arbide and Carbon orporation 
om UCC) 
General Office: New York, N.Y. 
Offices in Principal Cities 
ee You can obtain reprints of In Canada: Dominion Oxygen Company, Limited, Toronto 


this advertisement upon request. 


INDE OXYGEN... PREST-O-LITE ACETYLENE... UNION CARBIDE 


Oxweld Purox Prest-O-We 


XWELD, PUROX, PREST-O-WELD APPARATUS . ie OXWELD SUPPLIES 
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Of this, YOU are certain - for sound castings, metals 


as must be completely cleaned of all gases and oxides. This 

hae requires a very active agent. 
pheae” —altes Of this, WE are certain (from users’ testimony) - 

Cae ge Calcium Boride, an electric furnace product of Electro 
CoS a Refractories and Alloys Corp., is the most thorough de- 
oxidizing, degasifying and densifying agent. It leaves no 
* Calcium Boride contains no residual metal impurities, since it is itself insoluble (disap- 

critical or strategic elements 

ont inieliints Wii atin pears in form of slag - after reaction). The fluidity of the 
W. P. B. allocation. It is, con- metal is not affected. Reactive at normal operating temper- 
soquentty, peeled today atures, Calcium Boride does not, therefore, require excessive 


more than ever to replace 


super heat. 


critical materials formerly 


used for the same purpose. 
Furnished in a granular form of 6 mesh or finer. 


ELECTRO REFRACTORIES AND ALLOYS CORP. 
GENERAL OFFICES: ANDREWS BUILDING, BUFFALO, N. Y. 


of Crucibles, Alleys, Stoppers, 
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AIRCRAFT PARTS of magnesium are 
heat treated in Despatch furnace 
Work chamber is 3° x4'x 8. 


Also used for solution and 
aging of Al. castings 

. free of combustion 
is supplied by this Despatch 
radiant-tube convection heater. 
Very efficient indirect 
types of Mg. or Al. 


DESPATCH 


OVEN COMPANY 


HEAT TREATING 


FURNACES 


Why you can depend on 
a Despatch Furnace 


Successful magnesium heat-treatment with Despatch furnaces in 
so many large plants doesn’t mean we know everything about 


magnesium. No one does—yet 
But we do know exactly what's needed in 


furnace design and 


performance for proper heat-treatment of magnesium. Each 
Despatch furnace meets all requirements with ease. And in 
addition each offers many extra features particularly suited to 


high quality, large-scale production 
These Features Assure Good Results 
Uniformity 5 guaranteed throug 


entire heat range. Clean, recirculated convection heat, 
free of fumes, from radiant tube heater. Indirect gas 
fired. Handles all Mg. or Al. alloys. (Elec. models 
also available.) 


2. Dead Spots Avoided with controlled airflow 


from high volume fan. Adjustable ports in heat ducts 
allow perfect distribution through chamber and load. 


3. Tight-Sealing throughout allows use of SO. gas. 


Reduces heat loss and improves working conditions. 


4. Easy Handling provided by wide variety of de- 


pendable, smooth operating loading systems to fit all re- 
quirements. Saves labor. 


5. Efficient Firing «Gas or Elec.) is obteing 


throughout entire heat range to give you the mc t from 
fuel used. Quick response to control equipment. 
Elec. systems use long-life elements. 


6. Many Sizes: Prompt delivery available for stand- 
ard sizes 3'x 3'x 3’ up to 8’ x 7’ x15 Pot type elec. 
models in all sizes to 60” diam. by 60” deep (working 
dimensio: :.) 
WIRE or PHONE for a Despatch engineer. He wil! rec- 
ommend a tested and approved standard Despatch mag- 
nesium heat-treating furnace for your plant. Free Bulle- 
tin 81 just printed; ask for it. 
FURNACES FOR OTHER USES—to F. 


: Ask for complete information, photos, etc. 


EB 
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tra icing on 


the cake” 


but for wining the war 


Editor E. C. Kreutzberg of “Steel” says this: 


"It should be remembered 
that the present shortage of alloy steels 
results from the huge Army and Navy 
demand for them. The Generals and 
Admirals demand them, not because 
they want extra icing on their cake, but 
because tests and experience over many 
years have enabled them to determine 


what materials are best for the waging 
of war.” 

Nitralloy and the Nitriding 
process, producing the hardest steel 
surface known, are steadily going into 
the production of vital parts of planes, 
tanks, ships and other war equipment. 


When a just and victorious peace 


again makes alloy steels more gener- 
ally available, Nitralloy and the Nit- 
riding process will contribute to in- 
dustry their ability to the resistance cf 
wear, fatigue, and abrasion. 


For the present, Nitralloy Steels are 
available under government regula- 
tion where needed to help win the 
war. And that, above all, comes first. 


THE NITRALLOY CORPORATION 


230 PARK AVENUE - NEW YORK, N. Y. 


The Nitralloy Corporation 
ALLEGHENY LUDLUM STEEL CORP... WATERVLIET, N. Y. 
BETHLEHEM STEEL . .BETHLEHEM, PA. 


FIRTH-STERLING STEEL CO..... ..-McKEESPORT, PA 


REPUBLIC STEEL CORPORATION.......CLEVELAND, O 
THE TIMKEN ROLLER BEARING CO.......CANTON, O 
ROTARY ELECTRIC STEEL CO .. DETROIT, MICH. 
VANADIUM-ALLOYS STEEL CO.......PITTSBURGH, PA 


ATLAS STEEL LIMITED.... WELLAND, ONTARIO 


Operating and Accredited Nitriding Agents 
FORGE CAMDEN, N. J. 
COMMERCIAL STEEL TREATING CORP., DETROIT, MICH 
ENGELHARD & KENNEY....NORTH ARLINGTON, N. J 
THE LAKESIDE STEEL IMPROVEMENT CO., CLEVELAND, O 
LINDBERG STEEL TREATING CO........CHICAGO, ILL 
UNK-BELT CO..... PHILADELPHIA, PA 


PITTSBURGH COMMERCIAL HEAT TREATING 
PITTSBURGH, PA 
QUEEN CITY STEEL TREATING CO CINCINNATI, O 
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WESLEY STEEL TREATING CO....... MILWAUKEE 
N. A. WOODWORTH CO........ . . FERNDALE 
ONTARIO RESEARCH FOUNDATION........TOR 
ONTARIO, A 
Manufacturers of Nitralloy Stee! Casting® 
LEBANON STEEL FOUNDRY........... LEBAN 
EMPIRE STEEL CASTINGS CO........ . .READIN 


THE MASSILLON STEEL CASTING CO.. .MASSILLC 
MILWAUKEE STEEL FOUNDRY DIV,, 

GREDE FOUNDRIES, INC......... MILWAUKEE 
WARMAN STEEL CASTING CO....LOS ANGELE 


‘ 

3 | 
ng 

2 

are). COPPERWELD STEEL CO.. WARREN, O. 
CRUCIBLE STEEL CO. OF AMERICA..NEW YORK, N. Y. 
MET-LAB. INC PHILADELPHIA. PA. 

3 


FOR 


AIRPLANE TESTING 
HEAT TREATING 
METAL WORKING 
SHIPYARDS 

TANKS 

GUNS 


SPENCER TURBO- COMPRESSOR 


1. Vary the load—Satisfactory operation with- 5, Listen for mechanical or air noises. It is un- | | 
out adjusting the blast gate. usually quiet. | 


2. Watch the ammeter. Power is used in pro- 6, Examine a cross-section view. It is as simple | 
portion to the amount of air used. Efficiency as an electric fan, and built like a bridge. | 
is high at all loads. | 


3. Watch the pressure gauge. |t is constant 
throughout the range from open to closed. 


7. Ask any man who has used a Spencer for ten 
or twenty years. | | 


8. Ask your furnace or oven manufacturer. He 


4. Balance a glass of water on top of the Turbo. 
is vitally interested in all-round performance. | 


Not even a ripple on the surface of the water! 


THE SPENCER TURBINE COMPANY, HARTFORD, CONN. 
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A voice crackles out of the ether: ‘‘Bandits 
approaching at 20,000. Scramble!”’ 

Pilots swarm into planes the shattering 
thunder of Allison engines jiggles papers on the 
desks at Flight H.Q. . . . a dozen twin-motored 
‘“‘Lightning”’ fighters zoom up into combat like 
missiles slung from a catapult. 

These “Lightning” fighters, known in the 
United States as the Lockheed P-38, clearly 
demonstrate what American designers, production 
men and steel-makers can do when they team up 
on a specialized war job. 

Out in Indianapolis they’re building the powerful 
Allison engines that pull the P-38’s upstairs at a 
vertical mile a minute, the cannon and machine 
guns that can rip a bomber apart in midair. 

Here in the Bethlehem organization we’re work- 
ing day and night in laboratories and mills to pro- 
duce steels which will withstand the white-hot 
combustion temperatures inside a fighter-plane 


ightning 
strikes 
upward 


engine . . . the terrific, crushing pressures of a 600- 
mile-per-hour pull-out . . . the ever-growing call 
for more strength and less weight. 

In other war products, the story is the same. 

Bethlehem bullet-core wire is being turned into 
millions of rounds of ammunition. Bethlehem 
high-strength light-weight Mayari R is going into 
gun carriages, tanks, and planes. Bethlehem’s new 
moly high-speed steels are taking over where the 
18-4-1 grades have been ruled out by the tungsten 
shortage. Bethlehem sheets are going into jeeps, 
peeps and big prime movers. Bethlehem carbon 
bars are used as hinge pins, dowel pins and other 
parts in tanks. 

We of Bethlehem fully realize the responsi- 
bility of this job. Every day, every month, we are 
striving to produce more steel, better steel, so 
more and better weapons can be placed in the 
hands of our fighting men and our allies. We know 
that victory won’t come easily. But it will come. 
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W oodr ‘ow Wils¢ HLS On. 


The wrongs against which we now array ourselves are no 
common wrongs; they cut to the very roots of human life. 


THE WORLD MUST BE MADE SAFE FOR DEMOCRACY” 


Woodrow Wilson—-l28th president of the United 
and economic retorms and creator of the Federal 


known as “World War No. 1 Presi 


Repudiation 


NUTHERMALLOY He EVE quarry 


CASTINGS FOR HEAT CORROSION 
ELYRIA, OHIO 


| 
‘MEMORABLE WORDS | 
| OF GREAT AMERICANS | 
Ff 
WE | lib | 
1- the polls of the League Of Nations was his greatest disappointment HH 


Truly an Instrument of Precision 


Solves problems 
of maintaining 
the desired tem- 
perature in a con- 
stant flow of water 


G-E WATER-TEMPERATURE REGULATOR 


@ Mixes hot and cold water to within | 0.5 F of setting. 


@ Automatically maintains this temperature despite 
wide fluctuations in temperature and pressure of hot 


and cold supply lines. 


@ Automatically shuts off should either hot or cold 
supply line fail—thus safeguarding materials in work. 
@ Output rate is selective without change of temperature. 
@ Self-contained —no auxiliary equipment required. 

1a 


Compact — overall dimensions 10':" by 13” by 


@ Eliminates the supervision and vigilance usually nec- 


essary with devices for regulating the temperature of 


flowing water. 


A device of this kind suggests many and varied appli- 
cations. For example, industrial x-ray laboratories are 
finding it intensely practical for regulating the tem- 
peratures of their film-processing solutions, to thus 


assure a consistently high quality of end results. 


If you have a problem involving preciseness of water- 
temperature control, look to the G-E Regulator fora 


most practical and satisfactory solution. 


Write for Descriptive Catalog No. RRI12 


GENERAL ELECTRIC 
X-RAY CORPORATION 


2012 JACKSON BLVD. CHICAGO, ILL., U. 5S. A- 
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n The NEW UPTON HEAT MEASURING CONTROL 


Heat Treating Temperature Control 
for Upton Salt Bath Furnaces 


| 
%& Adds the exact amount of heat for the correct time needed. | 
%& Unbelievably accurate temperature control. | 
% Corrects operator's setting errors. | 
%& Permits prediction of size change to closer limits. | 
%& Eliminates finish-grinding on many High Speed Steel tools. | 


The new, tested and proved UPTON Heat Measuring Control 
temperature controller adds the exact amount of heat for any | 
piece of work, puts the heat into the salt bath for the exact 

period it is required and then, when the time is up, shuts the 

heat off and tells the operator to take the work out. 


In use for many months on some of the most difficult heat 


Milling cutters hardened in this 


Upton High Heat Furnace require 
little finish-grinding. With the 
Upton High Heat Temperature 
Control, size change is predictable 


treating operations—-where operators with no previous 
knowledge of heat treating are turning out perfectly treated, 
high speed steel cutting tools the Upton Heat Measuring 
Control even warns the operator if he makes an error in 


is 
excess of 3°F. in setting the control! 
Unlike the conventional ‘‘on and off’’ control with its 
r wide fluctuations, the Upton Heat Measuring Control varies 
a between a “high” and “low” temperature value, rather than 
an “on” and “off”. The current supply never goes “‘off”’ 
except when the operator has made an error. Then it shuts 
“off” and warns him. 
The Upton Heat Measuring Control and a battery of 
, High Temperature Furnaces do not require help experienced 
d in heat treating. All Upton Furnaces, as well as pots are 


guaranteed. Tell us about your heat treating problem. 


eee for more information about the New Upton Heat Measuring Control, 
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3 NEWYORK MECHANICAL 
- 
INSTRUMENT INC. 


THE GRIM VISAGE OF 
WAR IS REFLECTED 
FROM MANY SURFACES 


Those receiving new ROCKWELL” Hardness Testers 


are asked to realize that the suitace finish of our castings 


is restricted by a limitation order of our government. 


Precision, durability and operational quality, however, 


are better than ever. 


WILSON MECHANICAL INSTRUMENT CO., Inc. 


NEW YORK 
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a THIS 1S ABOUT THE \ 


The accuracy and uniformity of heating is consistent throughout the entire range of sizes 


1 
m and tools 
inv ring 
cyclone for Cyclone od tempandled 
Large box treatment Small box work that 
magnesiv™ and dies 
dividvally 
yetion _ e for 
for prod Furnac in 
clone co™ \— Cyclone et 
Large Its accuray for alum! Small ver" ng small 
magne’! 


Spi y¥ STANDARD SIZES when ordering heat treating The dimensions listed below represent standard sizes of 


j equ nt. Valuable time is saved because drawings are both vertical type and box type Lindberg Cyclone Furnaces. 
ava » and all engineering has been completed. Man hours’ Each of these furnaces has been engineered and built and 
- ed by the elimination of special work in both engi- installed in the field. 
iT me nee! and the shop. And heat treating furnaces are sped The sizes embrace a range wide enough to handle prac- | 
Dt r destination to do their chosen work. tically any heat treating job for temperatures up to 1250°F. 


BERG VERTICAL TYPE CYCLONE ruet rireo 


Utilizes the famous Lindberg 100% forced convection heating uniform, low-cost tempering and precision heat treatment of 
i e, available in both fuel fired and electrically heated aluminum and magnesium castings and forgings. Tempera- 
units. Work is handled in baskets or on fixtures for accurate, tures from 250°F. to 1250°F. 
| 


Dic Depth Dic. Depth Dia. Depth Dic. Depth Dic. Depth Dic. Depth Dic. Depth Dic. Depth 

2 16” 16” 36” 22° ei 25 160’ 28° 72 38” 28 43 48 60 72 
12 100” 22” 26" 25” 20” 28" 28" 33” 28" 38 30” 43 54 72 24 
16 20” az 30” 25° 30” 28" 36” 33” 36” 38 36” 48 28 74 72 
16 22” 22” 36” 25" 36” 28" 42" 33” 40° 38” 48" 48 38 74" 86’ | 
16 26” 22” 38” 25” 40” 28” 48” 33” 48" 38” 60” 48" 48 100” 44" 
16 28” 22” 48” 25” 48” 28” 50” 33” 60” 38” 72” 48” 60" 

16 32” 22” 60” 25” 60” 28" 60” 33° 72” 38” 84” 48” 78 _- — 

ELECTRICALLY HEATED 

Dic. Depth Dia. Depth Dia. Depth Dic. Depth Dic. Depth Dic. Depth Dic. _ Depth Dic. Depth 

- 10” 16” 20” i 36” 25" 30” 28 28 33” 36 38 120 48 96 

12” 16” 24” 22” 48" 2 36” 28" 36” 33° 120” 43 42 60 60 

10 14” 16” 26” 22” 60” 25° 40” 28" 48" 38 36” 43" 48 60 72 

10 20” 16” 28” 22” 72” 25° 42° 28" 54° 38 48” 48 36 60” 84" 

12 16” 16” 22” 80” 23° 48" 28" 60” 38 60” 48’ 60 60” 93° 

12 18” 16” 48” 22° 100” 25” 60” 28” 72° 38" 72” 48 72 — — 

12 20” 22” 26” 25” 20” 25° 66" 28" 84 38” 84” 48" 84" - = 


DBERG BOX TYPE CYCLONE rue: rireo | 


Is also heated by 100% forced convection and is also available type Cyclone ideal for heat treating aluminum and magne- 

both fuel fired and electrically heated units. Recommended sium castings, stampings and forgings. Temperatures from 
for tempering tools or dies or other work that is handled 250°F. to 1250°F. 
individually. Its heating accuracy and control make the box | 


Width Depth Height Width Depth Height Width Depth Height Width Depth _ Height 

12 16” 18” 24" 48 18 36 36 24 48 12 60 

15 24” 18” 24” 24” 20” 36 54 30 54 72 36” 

17 24” 18” 30” 48" 40” 36” eg 30” 60 96 42” 

18” 36” 18” 30” 48" 48" 36” 72 36” 72 12’ 42” 

24 24” 18” 30” 72” 24” 36” 92° 24” — 

24 36” 18” 36” 24” 42° 72° 36” — 

ELECTRICALLY HEATED 

Width Depth Height Width Depth Height Width Depth Height Width Depth Height 

12 16” 18” 24 48 18° 42 14 36 52 84 20 

12 12 10” 28° 28 36” 48 60 30” 60 60 42° 

15 24” 18” 30° 30 24” 48" 66 48" 60 10° 42° 

15 24” 24” 33 34° 30” 48 4 30” 60" 10° 60” 
15 30” 18” 36 36” 24” 48" 72 36” 60 16’ 60” 

15° 48” 18” 36” 48 24” 48 var 48" 66" 15’ 66" 

18 36’ 18” 36 54” 30” 48° 72 60” 66" 16’ 76" 

20 24" 18” 36” 72 24° 48 96 36 66 25 76" 

20 30" 18” 40” 96" 24” 48 10 72 72 96" 84” 

20 36” 18” 42” 16’ 36 48 12 72” 72 12’ 42° 

24 24° 18” 42° 16 66 48 16 og 84" 96" 72” 

24 36” 18” 42 72 36” 48 18 — 
d 36” 30” 42" 84 42” 48 22 66" - | 


SUPER-CYCLONE FOR HARDENING, NORMALIZING, ANNEALING, TEMPERING, NITRIDING 
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help YOU 


in the production o 


STAINLESS PART 


* HINTS on how to get the most from every poy 


of Stainless Steel you use. 


3 TIPS on how to increase production, how to do} 
job better. 


You and your men no doubt know many short-cuts a 


result of your experience in fabricating Stainless Steel. \ 


—— like to help you add to that knowledge by giving vou t 


benefit of our experience in solving Stainless problem: 


So we are passing along some of the suggestions collect 


from Carpenter metallurgists, research men and servi 


representatives. Most of these men have devoted a 


part of their lives to solving Stainless problems. lode 


through their efforts, better and faster fabricating met) 


are available to war production plants. 


In many of these plants, Carpenter men are being asked 


solve special corrosion and heat resistance problems ...: 


then work out faster fabricating methods. Because tin: 


short, they can not be everywhere at once. But muc! 


their experience can be made available to you throw 


these pages, and by correspondence with the mill... \\ 


us about your specific Stainless problems. 


with and 


NG le rth 
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dja trouble-shooting 


Saued: 30,000 Pounds | 
od 
of of Stainless ! Re-Check Layouts | 
nechaps YOUF PrES 388 speeds are OK- From 45.000 Ibs. of Stainless Now! | 
fav be faster § yee ds should Sheet to only 15.000 Ibs. of mar- 
A quick check-up May even row Stainless Strip — for making Keep your ekeleton serap losses to 
Cuts 4 w that a Fe duction of 10 10 15% the same numbe of parts Saved: an absolute +" nd a 
wld incr outpy and con: 3),000 Ibs. of vital me sal, and the few hours HOw to re-cl heck layouts 
eel \\ erve metals Often, slower pres® time require ~d to elit ane | handle on jobs that are atampe - | from 
vou will die galling sheet. Check the use of narrow Strip. The cults will be wel 
. . that can spoil parts and interrupt Strip on your jobs where Sheet worthwhile - im tc rms of me -tal 
ems production used. conse ved time saved. 
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«Much scrap: So happy:” 
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Many parts for war production are made more effi- 
ciently and faster, from powdered metals . . . small 
ordnance components, porous bearings, iron gears, 
motor and generator brushes, hard carbide tool bits. 
contact points, others. 


Stokes Automatic Press- 
es are widely applica- 
ble, produce intricate as 
well as simple parts. 
Rates are up to hun- 
dreds per minute, vary- 
ing with the size, mate- 
rial and character of 
the piece. On small 
pieces, such as chem- 
ical catalysts, produc- 
tion of thousands per 
minute is obtained. 


In manufacture by pow- 
der metallurgy density 


Vetal Progress; 


F. J. STOKES MACHINE COMPANY 


TABLETTING EQUIPMENT 


is readily controlled, to obtain high porosity, as re- 
quired in porous bearings, or the extreme density 
necessary in hard carbide tools. Parts are formed 
in a single operation, ready for sintering. Tolerances 
are maintained within close limits and parts are re 
markably uniform in physical characteristics. 


Stokes Presses are the result of 25 years of research 
and development work in powder metallurgy. They 
are available in standard and “special” models, 
with up to 8” die-fill and to make parts up to 4” dia. 


Write for new 48-page, illustrated catalog, with ma 
chine specifications, engineering data, information 
on selection of equipment, etc. 
Our engineering and labora- 
tory facilities are available 
and consultation on specific 
problems is invited. 


6006 Tabor Road Olney P. O. Philadelphia, Pa. 
Representatives in New York, Chicago, Cincinnati, St. Louis, Cleveland, Detroit 
Pacific Coast Representative: L. H. Butcher Company, Inc 


AUTOMATIC 


Est. 1895 


- 
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Small Car Type 


Furnace 


3 ‘Specialized Engineering 
_ Services for all types of 


INDUSTRIAL 


Brass and Copper Coil Bright Annealing in Bell 
Type Furnace—_Radiant Tube Heated 


Roller 
Hearth 
Furnace for 


Heat Treat- 
ing Plates 
Continuous 
Bolt Harden- 
ing Furnace— 


Radiant Tube 
Heated 


= | +++ ) | | 
| 
| 
j \ | 
| 
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Radio panel and gu: sets 
made of aluminum alloy. 


Uatixe most other machinery being used 
in the war effort, the Cecostamp is something 
new in production machinery. An original design 
by Chambersburg Engineering Company, the 
Cecostamp isa high production impact type stamp- 
ing machine for forming high strength sheet metal 
parts such as stainless steel and many aluminum 
alloys. By using a Cecostamp, it is possible to form 
difficult metals with greater true-to-die accuracy 
and fewer operations. The operator has control 
at all times of the metal flow of the stamping and 
is able, therefore, to produce desired shapes with- 
out drawing or a reduction in sectional areas. 
Controlled stamping overcomes the resiliency of 
hard-to-form metals while giving them a perma- 
nent set at a greater rate of production. A few 
examples of Cecostampings are shown, 


Airplane door of 
aluminum alloy 
made on a 48" 
x 36” Cecostamp. 


Half an air- 


Plast wiadew | For complete details of Cecostamping and more 
examples write for a copy of “Cecostampings.” 
made on a 
66" x 36" Cecostamp. CHAMBERSBURG ENGINEERING CO. 


CHAMBERSBURG PENNA. 


CECOSTAMP 


The modern drop stamp for 
difficult forming of bigh 
strength steel and aluminum 
alloy sheet metal parts. 


Airplane nose or spinner of stainless steel made on a 66" x 48" Cecostamp. 


CHAMBERSBURG 


CECOSTAMP 


HAMMERS PRESSES 
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Deepfreeze Santocel Cascade Industrial 
Chilling Unit. Capable of maintaining 
temperatures as low as —120° Fahrenheit. 


How to Use 


Sub-zero Temperatures 
Metal Working 


. Deepfreeze Metal Chilling 
Increases Production Efficiency 
in Fabricating Tool Steel, Bronze, 
Brass, Aluminum and Magne- 


sum Parts... 


long-recognized metal 
| working problems are finding 
‘olution in industry’s newest helper — 
etal Chilling. 


uses are the following: 


Among its unlimited 


Shrinking of Metal at — 100° F. to — 120° F. 
‘s made it possible to assemble bearings and 
nilar parts requiring a press-fit by merely 
Pping them into position . . . eliminates 
spoilage caused by 

“pounding” bearings 
into place ... saves 
time caused by delay in 

replacing bearings .. 
saves cost of expensive 

equipment. 


Anot 


t application is in chilling aluminum 
“ey fects 17S-T and 24S-T to retard aging. 
“vets ca be kept soft enough for driving for 
*Perio of over two weeks. 


Testing of Metals a —100° F.to —120° F. 
has made it possible to study the reac- 
tions of aircraft instru- 

[aay ments to stratosphere 

flying. Aircraft engine 
lubricants can also be 
pretested for sub-zero 
flying. Tests are usually 


conducted over a 6 or 


8-hour freezing period. 


Treating of Metal a —100° F. w —120°F. 
will produce combinations of hardness, strength 
and ductility not obtainable by ordinary hard- 
ening or tempering. 
“For treatment of high- 
speed steel, temper- 
atures colder than 

150° F. are ineffec- 
tive. Temperatures 


warmer than — 100 F., 


are also ineffective.” 
The Deepfreeze Cascade Unit is capable of 
maintaining —120° F., making it ideal for the 


proper treatment of high-speed steel. 


Removes 1000 B.T.U.’s 


Per Hour at —120° F. 


Effects Savings Up To $2825 
Per Year Over Dry Ice 


In addition to eliminating the inconvenience 
of handling dry ice, the Deeptreeze Cascade 
Chilling Unit produces and maintains a tem- 
perature substantially 29 degrees colder. Lab- 
oratory tests prove that the cost for removing 
1000 B.t.u.’s per 24-hour day over a period of 
one year with dry ice is $3000.00, as compared 
to the $175.00 electric current Consumption of 
the Deepfreeze over the same period of time. 


THE DEEPFREEZE STANDARD CASCADE 
INDUSTRIAL CHILLING UNIT has a chill- 
ing chamber 24” in diameter by 40° deep. 
It is equipped with two motors and two com- 
pressors of the silent-valve-head, water-cooled, 
piston type. It has a heat absorbing capacity 
equivalent to 196 Ibs. of dry ice per 24-hour 
day under similar operating conditions. 

The same standard unit can be furnished 60" 
deep or deeper. 


Special 
Units 
Designed 
for 
Specific 
Needs 


In addition to 
the standard 
Deepfreeze units, special units can be designed 
to suit specific applications. Extra deep chilling 
compartments have been furnished for shrink- 


ing airplane retractable landing gear parts in 
assembly. Many other designs are being fur- 
nished, each to suit a specific problem. 

Other special designs have been furnished 
for desiccating blood plasma, shell freezing 
blood plasma, and for testing aircraft instru- 
ments at all flying levels and temperatures. 


FREE ENGINEERING 
ASSISTANCE 


Deepfreeze engineers are available 
to assist you in obtaining the ad- 
vantages of sub-zero metal condi- 
tioning. Send us an outline of your } 
problems, together with parts or 
prints for a prelimi- 
nary calculation and 
test—no obligation, 


FREE DATA and proof of the 
outstanding success of the 
Deepfreeze method for chill- 
ing metals is included in this 
booklet. Write for your copy 
today. 


DIVISION 


MOTOR PRODUCTS CORPORATION 


2325 DAVIS STREET, NORTH CHICAGO, ILLINOIS 


| 
+ = 


TEWAR 


THE BEST INDUSTRIAL FURNACES MADE 


The Stewart Rod Heating Furnace illustrated above is used by the William D. Gibson Company, Chicago, to 
heat steel rods from 2” dia. to 2%" dia., to a range from 1700° to 2200° F., depending upon the type 
of steel. It is equipped with a two-zone temperature control, each operating 


independently cf the other. The combustion chamber is fired by tangential 


burners equally staggered for proper heat distribution. The end burners are 


slightly larger than the others and are hand controlled to compensate for 


heat loss at the doors. The end burners are so arranged that when the furnace 


goes on high, the burners go on high, but when the furnace goes on low, the 


end burners maintain the original hand set position. This type of control 


assures equal heating of the entire bar. This installation is typical of the 


industrial furnaces Stewart engineers are building every day to meet the 


specified requirements of manufacturers all over the continent. Stewart builds, 
in addition, a full line of standard type furnaces. 


a EY NEW REVISED STEWART WALL CHART 
SPECIFICATIONS CHART a Write for Your Free Copy 
j Has the latest NE Steels, 1942 S. A. E. Steels, Heat 
- | i 


Treatments, supplementary A. I. S. |. Steels, and other 


oi (rs I data. Convenient 21” by 23” size for framing. One 


of the most popular aids for heat-treating men in the 
industry. We will be glad to send you a copy with 


After coiling and quenching, the spring 
: is drawn in the Stewart Hot Air Re 
our compliments upon request. lating Tempering Furnace shown above 


A letter, wire or ‘phone call will promptly bring you information and details on STEWART Furnaces 
either units for which plans ore now ready or units especially designed to meet your needs. Or, if yo 
prefer, a STEWART engineer will be glad to call and discuss your heat-treating problems with you 


STEWART INDUSTRIAL FURNACE DIV. of CHICAGO FLEXIBLE SHAFT CO. 
Main Office: 5600 W. Roosevelt Road, Chicago, Illinois 
Canada Factory: (FLEXIBLE SHAFT CO., LTD.) 321 Weston Rd., So., Toronto 


' 


Vetal Progress; Page 1022 


; 
oe HEATING and DRAWING COIL SPRINGS ,, 
| 
val 


Vital W War Work si Repair Weld 


the Meditcrrane 
Bronze Welding 


2%. 


Shell Production 


nen counter-at- 


Under the strain of all-out production, some equipment failures are bound 
to occur. Should it be a key machine or important piece of equipment in a 
vital industry, an extended delay may be serious. Replacement may take 
weeks or months—or even longer. + That’s where Bronze repair welding has 
come to the rescue time and time again. Bronze welding has put fractured 
and broken machines back on the job in days instead of months .. . has 
reclaimed worn equipment by building up wear resisting surfaces. Costly 
or irreplaceable production equipment has been salvaged at a fraction of 
its original cost, and schedules have been maintained with a minimum of 
interruption. - Tobin Bronze*, developed by The American Brass Company, 
was one of the first all-around oxy-acetylene welding rods. Today, this low- 
melting-point rod is indispensable for repairing and reclaiming worn and 
broken equipment made of cast iron, malleable iron, steel or copper and its 
alloys. In addition to Tobin Bronze, other modified alloys such as Anaconda 
“997"' (Low Fuming) are available for practically every Bronze welding 
requirement. « Investigate ALL the possibilities of this fast, dependable, low- 
cost method of repair that is saving days, delays and countless dollars 
in every branch of industry. | | 3 a 


AnaconoA THE AMERICAN BRASS COMPANY 
General Offices: Waterbury, Connecticut 


*Reg. U. S. Pat. Off. 


— ton Gear 
Bronze Welding ™ be 
on the Home Fro 4 | 
Press Salvage’ Repair Weld Saves Month 
| 
These illustrations tell a convincing story --- 
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Serious Delay Avoided in Production 
of 75 Mm Shells 

s 6-ton press col- 

20 hours 


preparation, 
Tobin Bronze Rod. 


s and “99 4 
ss to Service - -. Weld Saves Month’s 
ss on A-1-0 War Order 


119 Man-Hour 
Restores Big Pre 


ce” was th 
nly 75 lb. of Anaconda "997" 


e bad news when 
g) Rod, and 39 man-hours for 


“Months to repla 
housing gave Wa l-out war R 
equiring © 
00 Ib. of Anacond 
(Low Fumin 
chipping and welding, this fractured 2-ton 


t back on the pr 
section of a 100" boring mill was speedily 


returned to service. 


oduction line. 


Tobin Bron? 
idle several years, suddenly 
needed for war production. Inspection 


showed bad fracture. Six days later, repait 


welded, the ram was ready for work. 


14-ton ram, 


; A new edition of 

Anaconda Welding Rods” 
is yours for the asking. 
Use the convenient coupon 
on the next page. 
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vital Wor Work weld ANACONDA | 


Name 


Street 


So universal has the use of Bronze welding become in recent 
years that Anaconda Welding Rods have been adopted as stand- 
ard materials for oxy-acetylene repair and construction work in 
many fields. Electric welding of copper alloys has also made 
tremendous strides. To assist you in keeping up-to-date on con- 
struction and repair welding with copper alloy welding rods, this 
latest edition of Anaconda Publication B-13 is now available. It 
outlines practices to follow and the type of rod to use for oxy- 
acetylene welding and various methods of electric welding. It 
lists 14 principal Anaconda Welding Rods together with their 
compositions, melting points and suggested uses. The melting 
points and temperature colors of commonly used metals and 
alloys are graphically illustrated. To get your copy simply fill 
out and mail the form below. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Conn. e Offices and Agencies in Principal Cities 
Subsidiary of Anaconda Copper Mining Company 
In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ont. 


A Request for Anaconda Publication B-13, Thirteenth Edition 
“Anaconda Welding Rods’’ 


Print your name and address and mail to: 
The American Brass Company, General Offices, Waterbury, Conn. 


Company 


City and State 


wACONDA 
ELD 
: J NEW . 
This nze Welaing 
ODS of Bro 
ok 
rt 
ied 


Ws want to extend our heartiest 
Christmas greetings to our customers and friends who 
have helped to make 1942 one of the best business 
years in our history. We fervently hope that we 
shall continue to enjoy these friendly relations during 
the coming year, and that 1943 will see the fulfill- 


ment of “Peace on Earth; Good Will Toward Men.” 


Kc, 


Metallurgical Testing Equipment. Es- 
pecially designed and engineered for 
the rapid precision testing of metals. 
Complete Laboratory Equipment. 


228 North LaSalle Street, Chicago, Illinois Optical Instruments—Metallurgical Apparatus 
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PRELUDE TO A 


A needle quivers, test results are checked, and the 
research engineers know that in the breathless mo- 
ments of actual combat, American pilots can rely 
on plane performance. For an accurate knowledge 
of the strength of materials, and the distribution 
of stress in the finished plane, makes possible 
production shortcuts, material conservation and 
design developments. 

Every great name in the aviation industry is a 
user of Southwark testing equipment—from power- 
ful hydraulic machines capable of exerting millions 
of pounds of pressure, to tiny electrical instruments 
weighing only an eighty-fourth of an ounce. Many 
of the design improvements that have made this 
country the world’s leading air power have resulted 
from the use of this equipment. 

For a complete listing of Southwark testing equip- 
ment write for Bulletin G-107 to Baldwin South- 


wark Division, The Baldwin Locomotive Works, 


Philadelphia; The Pelton Water Wheel Co., 


San Francisco. 


BALDWIN 


DIVISION OF THE BALDWIN LOCOMOTIVE WORKS + PHILADELPHIA 


14 
af 
A 
yy 


RADIUM 
CAPSULE 


RADIOGRAPHY 


using RADIUM — Nature's Ideal Power Plant 


NO INTRICATE “SET-UP”... you just need (a) the proper 
radium cell, (b) the metal object to be examined, and 
(c) a supply of films .. . when examination of metals for 
internal defects is done with radium in your plant. 


YOU GET CLEAR, EASILY-INTERPRETED RADIOGRAPHS that 
let you actually “see inside” metals of all ordinary 
thicknesses . . . without need for elaborate equipment, 
complicated preparation or special operating skill. 


USE OF RADIUM RADIOGRAPHY for the non-destructive 
internal examinetion of castings, welds and other metal 
parts is rapidly increasing as America’s all-out war 


industries discover its outstanding advantages . . . 
Simplicity . . . Portability . . . Convenience. Send for 


free manual and full information today. 


Free Manual 


. provides a reliable textbook on the 


fundamentals and technique of modern In- 
dustrial Radiography of metals with radium. 
Specially prepared for the metals industry 
by our research and technical staff. Write 
for a free copy of this valuable book. 


Guard 
His Health 


Use 


FLUXINE 
FLUXES 


@ There is no health hazard in the use of Fluxine 
Fluxes for welding, brazing and silver soldering. 
They were planned with the welfare of workers as 
a major requirement. Fluxine Fluxes do not give 
off fumes which injure operators . . . even when 
used in large scale production. 
Of course, there are other advantages. There are 
89 different Fluxine fluxes, each scientifically com- 
pounded for a special metal joining job . . . each 
giving top grade results with the greatest economy 
. each produced by the originators of non- 
ling quick flowing fluxes. 


WIN THE O.K. OF UNCLE'SAM 


You can meet U.S. Army, Navy and Air Corps de- 
fense specifications with Fluxine Fluxes. They are 
now used by builders of ships, planes, tanks and 
shells. Long considered 
standard in the most exact- 


ing metal working plants. 

Write for a list of Fluxine FLUXINE No. 43 
fluxes and the government For Silver Soldering 
specification with which Stainless Steel, with 
each complies. low melting ‘Stivers 

SAMPLE FREE Solders. 

Prove the merits of Fluxine Answers Navy Spec. 
fluxes for your own welding, No. 51-F-4A; Aijr 
brazing or silver soldering Corps Spec. No. 
job. Tell us all the impor- 11316-A; Federal 
tant facts about your job— Ordnance Dept. 
and we'll send a free sample Spec. No. AXS-500 
with instructions for use. 


KREMBS AND COMPANY 


672 West Ohio Street Chicago 


Chemists and Metallurgists Since 1875 


FLUXES TO JOIN ALL METALS 
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| ORONANCE AND INDUSTRIAL 
FURNACES 


All Sizes — All Types — All Purposes 
Direct Fired — Recirculating — Recuperative 
Automatic or Manual Controls 

Gas Burners—Nozzle Mix and 
Long Luminous Flame 
Oil Burners, Oil Heaters and 
Conditioning Equipment 


TATE-JONES & CO., INC. 


LEETSDALE, PA. 
Furnace Engineers and Manufacturers Since 1898 


Centrifugal Bronze Castings by SHENANGO-PENN 


@ Centrifugal casting is a process that assures castings | complete machining facilities are an added advantage. 
of uniform density and greater strength . . . castings 
that deliver long trouble-free service. As practised by 
Shenango-Penn, the castings are of highest quality— 
they can be relied upon for exacting and uninterrupted —_ For Marine Service Products . . . ask for Bulletin No. 142 
performance. For contractors in war industries our —_ For General Industrial Uses . . . ask for Bulletin No. 141 


ALL BRONZES * MONEL METAL * ALLOY IRONS 


Write for these bulletins today. They describe 
our products, alloys and facilities in complete detail. 


SHENANGO-PENN MOLD COMPANY 


1601 W. THIRD ST., DOVER, OHIO 
Executive Offices: Pittsburgh, Pa. 
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Anhydrous Ammonia 
Guaranteed Pure, Dry 


For Nitriding and Protective Atmospheres 


Over fifty years of experience in servicing 
thousands of ammonia users assures you that 
when you order Armour'’s Anhydrous Am- 
monia, you get not only a pure, dry, 
dependable product, but «also the best 
service obtainable. 


Take advantage of our technical service by 
writing us on any problems concerning the 
use of Anhydrous Ammonia in Nitriding, 
Dry Cyaniding, or as a protective atmos- 
phere either by itself or in conjunction with 
other gases. 


Prompt delivery in Bottle Type or Tube 
Type cylinders, 100 Ib. and 150 Ib. sizes, 
from one of our plants or nearest of our 


a sixty stock points. 


ARMOUR AMMONIA WORKS 


Division of Armour and Company 


1355 West 31st Street Chicago, Illinois 


handling and hooking up Anhydrous Ammonia 
cylinders, please clip and mail the coupon below. 


ae For free descriptive circular on the proper method of 


Armour Ammonia Works, 
1355 W. 31st St, 
Chicago, Ill. 


‘Please send by return mail a copy of your circular on 


' “Methods of Handling Cylinder Anhydrous Ammonia 
for Metal Treaters."’ 


Name 


Title 


Company 
State 


* 
* 
* 
* 
* 


at your If you have a war need that Callite quality 


fine wire can help to meet, rush your specih 


se Yr V1 ce cations to us. Here at wire headquarters you'll 
find everything in fine wires, in sizes as small 


as .002”, in aluminum, silver, commercial 

bronze, brass, beryllium copper, everdur, stain 

less steel, nickel-silver, phosphor bronze and 
— special alloys for springs, brushes, strainers, 

control cables, and other applications 

Callite engineers will be glad 

to cooperate with you in find- 

ing the most economical and 

efhcient solution to your wire 

problems. 


Callite Tungsten Corporation 
557-39 St., Union City, N. J. 
Branch othices 
Chicago, Cleveland 


Keg. U.S. Pat. of 


Ceres 


A FINE WIRE FOR EVERY NEED 


+ + + 


MODERN ANALYSIS 


Carbon and sulphur determi- 
nations may be made within 
six minutes after the molten 
metal is taken from the fur- 
nace. Accuracy is not sacri- 
ficed for speed. The molten 
metal is poured into the 
Specimen Mold. The result- 
ing test specimens are 
weighed and placed in com- 
bustion boats for carbon and 
sz!phur determinations. The 
carbon is determined accu- 
rately by combustion-volu- 
metric methods and the sul- 
phur by the combustion- 
titration method. 


A complete line of spectrographic equipment — Spark 
Source Unit — D.C. Are Source Unit — A.C. Are Source 
Unit — Densitometer for 4” x 10” plate or film spectro- 
m—Plate or Film Dryer—Plate or Film Developing 
achine — Calculating Board — Specimen Mold — are 
available. 


Write for Details 


HARRY W. DIETERT CO. | 


9330-B Roselawn Avenue Detroit, Michigen 
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HOLOCAUST 


T NIGHT, from the overflowing morgues and 
rowded hospitals of Boston, hourly bulletins 
n the air, listing the dead and dying, the 
med and missing in the greatest holocaust 
seared the youth and hearts of Boston 
night when the Coconut Grove. a 
i-fire-trap-joy-joint with ersatz exits, 
ned trapping over seven hundred people. 
1D—438, BURNED AND INJURED—231,— 


mplete 


ANIC jammed revolving doors, fire exits were 
reported locked or missing. “Fireproof” paint 
t stop flames, did make gas to smother vic- 
With two hundred dead still unidentified 
Saturday night stay-out, and every un- 
ed soldier, sailor or traveling salesman, is 
ispected casualty. Hundreds of half-crazed 
ilies are tearing around in search of their 
So far, thank God, no G.A. people are on 


sts 


AGRADE A enemy air raid could have caused 
far less casualties, and would probably have 
ight less men in uniform than this devastat- 
fire. Adjectives, worn dog-eared by the 
iths of drivel-dribblers on the radio, and 
mber-maid journalism, seem, to this writer, 
quate to describe this disaster, possibly the 
worst in a single fire. 


AS the hearses roll in Boston's streets, scurvy 
ttle politicians, whose negligence killed 
people, will scurry like the rats they are 

their brother rats who run other fire-trap 
ts. The smell of burning flesh and the 

KS ringing in their ears have, for the nonce, 
them “Exit Conscious.” 


LOWELL POWELL, Chief Metallurgist of 
Warner Automotive Parts Co. (Div. of Borg- 
her Corp.), at Auburn, Ind., has written a 
prehensive report on the “Smooth-Screw” 
mveyor mechanism, built by General 

to H.H.H. Pat. Design, and installed 

19. 1939, and still going strong. The 
Screw” Conveyor carries trays through 

w-It. furnace singly, or in any number to a 
oad. at any desired speed. IT ELIMINATES 
‘* DESTRUCTIVE COMPRESSION OF AL- 
t TRAYS which occurs in all “Pusher” fur- 
*S and is a vicious waste of alloy. In the 
Screw” design the furnace is self- 

no “dead” charge is necessary to push 


GENERAL ALLOYS COMPANY — 


V.S-QA.CAL SOR 


CHIEF METALLURGIST OF 
INTERNATIONAL HARVESTER CORP'N 


OHN ROBINSON, Chief Metallurgist of In- 

ternational Harvester Corporation, holds a 
unique position, in Peace and War. No organi- 
zation of so many plants has so many operating 
Metallurgists and Heat Treat Executives knit 
so closely together for mutual co-operation 
They quickly and effectively collect, disseminate 
and utilize vital information, new ideas, and 
improved methods and specifications 


LL of this began years ago when much 
“Ferro-manureium” was confused with 
Metallurgy, when no Metallurgist could tell a 
real “He” blacksmithing Heat Treater about the 
fire and metal he lived with. In those days, you 
could always tell a Metallurgist but you couldn't 

tell him much 
Continued in next column 


a live one out. The trays are used as CAR- 
RIERS, NOT RAMRODS. A copy of Mr 
Powell's report will be sent you on request 


ECENTLY we bought, on the open market, 

some .50 cal. machine gun cartridges, with 
primers fired, converted to cigarette lighters with 
aluminum works and nice chrome plated dummy 
bullets. The base is inscribed “R.A. 1940 50 CAL 
Z’’. We wondered just whatinell Boy Scouts col- 
lecting scrap would think of cigar-store PRI- 
ORITIES on WAR materials. We gave these 
away, while the few lasted, at the National 
Metal Congress in Cleveland, got receipts for 
all of them. Many from W.P.B. and Army and 
Navy men asked “How Come?” 


UICKLY comes a letter from Major General 

L. H. Campbell, Jr., Chief of Ordnance. He 
had picked up the lighter trail two months 
sooner, found that the cartridge cases were 
made by Remington for the British Purchasing 
Commission and were rejected. They were sold 
by Remington in January 1941. In May 1941 
Remington refused to sell more shells for light- 
ers. “This is considered to be very foresighted 
on the part of the Remington Arms Company,” 
writes General Campbell 


66h IM” Holden needs no introduction to 
AS.M. “Spark-Plug” of the New York 
Chapter for years, “Tim” was Secretary when 
the Chapter was a pup and they can't lose him 
Ahead of the parade as usual, Captain Holden 
is, he modestly states, “Serving in the East 
above 


BOSTON, U. S. A. 


“Oldest and Largest Exclusive Manufacturers of Heat and Corrosion Resistant Castings” 


JOHN ROBINSON 


ARVESTER has a long tradition of building 

hundreds of different types of overloaded 
and abused machines, built to work in dust and 
mud—winter in snow drifts 


ARVESTER mechanized the Farm. They 

laid the foundation for our automotive in- 
dustry through increased Farm Prosperity and 
Productivity, hard roads, better transport. The 
Story of Harvester is the Story of AMERICA 


O Lion Tamer had a thing on John Robin- 

son when he was selected from a wide field 
and handed the job of co-ordinating the Metal- 
lurgy and Heat Treatment of all Harvester 
Plants, and establishing Central Control. John 
chose to “Sell” rather than tell. He weighed his 
men, their ideas, and his decisions. Weighed 
them so well, ruled so equitably that he soon 
earned the respect and affection of the entire 
organization, and the nickname “Judge.” 


OHN ROBINSON, with the co-operation of 

his superiors and subordinates, worked 
through the years to streamline Havester Heat- 
Treats, Processes and Metallurgy, and build up 
an organization from within. There is a deep 
loyalty in the Harvester Organization, whose 
wise Leadership has striven to first build MEN 
then machines. That loyalty extends to their 
suppliers, particularly to men who, like myself, 
have had the pleasure and privilege of working 
with them on their smaller problems, growing 
up with them, watching the old timers climb 
the ladder, and the youngsters make their first 
rungs 


‘VE battled with John Robinson, pulled bulls 

and caught hell for it, and I've been thanked 
for jobs well done. Any time John wants my 
shirt he can have it, and so can his twenty odd 
Boys”, Head Men of Metals in IHC. plants 
who accompanied him to Cleveland, attending 
the Metal Congress with every hour scheduled, 
and an agenda covering problems to be studied 
for group discussion 


N° group at the Congress was so widely sought 

out for help in WAR PRODUCTION PROB- 
LEMS as John Robinson's Gang—for Harvester 
has always shared knowledge. Looking younger 
and fitter than we've seen him in years, and 
tackling each new War Production job with in- 
creased vigor, John Robinson is helping to forge 
the largest and strongest link in the Harvester 
chain of AMERICAN TRADITION—VICTORY 
POR ALLIED ARMS 


| 


SIMONDS STEEL 


7 WRITE FOR COPY OF MAGNET STEEL BOOKLET 


SIMONDS SAW & STEEL CO., 


LOCKPORT, N. 


The fine performance and reliability of 
Lectromelt arc furnaces is contributing in 
a vital way to the increased tempo of ar. 
mament programs. Built in standard sizes 
from 100 tons to 250 pounds capacity, 
Lectromelt top charge furnaces are show. 
ing appreciable savings in power, refrac- 
tories, electrodes and man-hours. 


PITTSBURGH LECTROMELT 


FURNACE CORPORATION 
FOOT 32nd STREET PITTSBURGH, PA. 


STEELS 


We solicit your tequiries 


Even though warehouse stocks today 
are not as plentiful as you and we 
would like there are still a substantial 
number of sizes in a variety of analyses 
available for immediate shipment. We 
will do everything within our power to 
help you make the guns and tools and 
ships and planes and tanks which will 
win the war. 


WHEELOCK, LOVEJOY & CO., INC. 


Main Offices: 128 Sidney Street, Cambridge, Mass. 


CLEVELAND - CHICAGO - NEWARK - DETROIT 
BUFFALO - CINCINNATI 


POLISHING 
POWDER 


RITE-TONERDE 
(levigated alumina) is unequalled 
in quality and guaranteed to give 
perfect results. It is the standard 
polishing powder in modern metal- 
lography. RITE-TONERDE is made 
in 3 grades, #1, #2 and #3, 


for hard, medium and soft steels, 


to meet the specific conditions 
sta] ic 
prevalent in metallurgical labora GREEN-ROUGE 


tories. POLISH (levigated 
Chromic Oxide) 
MILD POLISH (levi- 
gated Tin Oxide) 


Price list upon request. 


The RITE-PRODUCTS are independently manufactured in our 
plant, in Irvington, N. J., by 


CONRAD WOLFF, Dr.-Ing. 
P. O. Box 448 Newark, N. J. 


Also mfg.: LUNKE-RITE, an extremely effective, exothermic, 
powdered compound used on steel ingots with. 
or without, hot tops; also on steel castings. 

RITE-MOLDCOTE, now the best sprayable coating for 
ingot molds, etc. 
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POT HARDENING FURNACES 


Buzzer Pot Hardening Furnace 


1650 degrees in 75 minutes 


This tangentially fired atmospheric furnace will heat 
from cold to 1650°F., using a popular brand salt, in 
an average time of 1 hr. 15 min. It requires no auxil- 
iary equipment such as boosters, blowers, etc. 


Buzzer Pot Hardening Furnaces can be depended on 
for longer pot life, operating convenience and econ- 
omy, and high efficiency. Adaptable to melting zinc, 
aluminum and lead, they are built in several standard 


sizes. Rectangular Furnaces built to require- 


ments. 


OVEN FURNACES 
Buzzer High Speed Muffle Furnace 


2400 degrees in 90 minutes 


High temperatures are quickly attained with Buzzer 

heat treating furnaces without blower or power and 

by just connecting to gas supply. Protective atmos- 

pheres, low fuel consumption and flexibility of con- 

trol are outstanding features which make Buzzer 

Muffle Furnaces ideal for heat-treating high speed 
and alloy steels. Temperatures up to 2400°F. are ' 
reached in these furnaces in 11/ hours. 


LARGER and SPECIAL 
FURNACES 
BUILT TO 

REQUIREMENTS | 


For More Details and Catalogue 
Write to 


CHARLES A. HONES, 


«493 South Grand Ave., BALOWIN, N.Y. | 
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NEW 


IN MANUFACTURERS’ LITERATURE 


METAL WORKING e FABRI- 
CATION 


Kennametal tools, specifications 
and prices. McKenna Metals Co. Bul- 
letin Hf-238. 

140-page working manual on “Cy- 
lindrical Superfinishing.”  Inter- 
national Machine Tool Corp., Foster 
Div. Bulletin Hf-410. 

Forging presses. 
Bulletin Ff-105. 

Horizontal extrusion presses, roll- 
ing mills, pumps and accumulators. 
Hydropress, Ine. Bulletin Ff-394. 

36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin Ff-132. 

Cutting Oils. Cities Service Oil Co. 
Bulletin Ee-113. 

Cutting Oil Handbook. D. A. Stuart 
Oil Co. Bulletin Ke-118. 

Presses for Powder 
F. J. Stokes Machine Co. 
Af-335. 

36-page booklet on properties and 
uses of cutting oils. Gulf Oil Corp. 
Bulletin Ef-360. 

Guide book shows forty different 
ways to cut machining costs. Conti- 
nental Machines, Inc. Bulletin’ Ef- 
170. 

A new and attractively illustrated 
catalog describes the mounted 
wheels, Handee and Hi-Power tools 
and a wide variety of accessories 
developed by Chicago Wheel & Mfg. 
Co. Bulletin Kf-230. 

Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 
Kf-433. 


Ajax Mfg. Co. 


Metallurgy. 
Bulletin 


New leaflet shows “dag” colloidal 
graphite as a lubricant for running- 
in internal combustion engines, com- 
pressors and other mechanical equip- 
ment. Acheson Colloids Corp. Bul- 
letin Lf-465. 

“Hyper-milling”’, a radical innova- 
tion in face-milling of steel, is de- 
scribed in booklet by Firth-Sterling 
Steel Co. Bulletin Lf-177. 

Abrasive belt polishing machines. 
Divine Brothers Co. Bulletin Kf-434. 

Metal cuttings saws. Wells Mfg. Co. 
Bulletin Kf-316. 

Cutting oils. Warren Refining & 
Chemical Co. Bulletin Kf-454. 

New 32-page book presents details, 
photographs and tables on opera- 
tion of abrasive cutting machines. 
Andrew C. Campbell Div., American 
Chain & Cable Co. Bulletin Nf-466. 

Convenient, pictorial chart shows 
abrasive cloth gadgets in a form that 
will guide users in the proper finish- 
ing operation. Behr-Manning Corp. 
Bulletin Nf-467. 


FERROUS METALS 

Enduro stainless steels. 
Steel Corp. Bulletin Hf-8a. 

Steel Stock List. Jos. T. 
& Son, Inc. Bulletin Fe-106. 

Hard Facing Alloys. Wall-Colmonoy 
Corp. Bulletin Kd-85. 
Machining Steels. 
Bulletin Cd-255. 
Bethlehem Steel Co. 


Republic 


Ryerson 


Free Monarch 
Steel Co. 
Tool Steels. 
Bulletin Ce-76. 
Die Steels. Latrobe Electric Steel 
Co. Bulletin Ld-208. 


Steel data. Vanadium-Alloy: 
Co. Bulletin Kd-294, 
Enameling iron sheets. 1; 
Steel Co. Bulletin Ld-295. 
NAX high tensile low alloy 
Great Lakes Steel Corp. Bulleti 
229. 
Loose-leaf reference book o 
Ivbdenum steels. Climax Mol! 
num Co. Bulletin Hb-4. 
Simplified method for caleu 
heat treatment of alloy steels, | 
A. Frasse & Co., Inc. Bulletin C{ 
Four Coppco tool steels. Co 
weld Steel Co. Bulletin Cf-311 
Nitralloy and the Nitriding | 
ess. Nitralloy Corp. Bulletin 
Information for determining 
all heat transfer rates. Internati 
Nickel Co. Bulletin Kf-45. 
Wall Chart on spark testing 
steels. Carpenter Steel Co. Bull 
Kf-12. 
Aircraft steels, bearing sti 
totary Electric Steel Co.  Bulleti: 
Kf-429. 
Steels. Boker & Co. Bulletin Kf-45) 
Cold drawn steels. Wyckoff Di 
Steel Co. Bulletin Kf-99. 
Steel Data Sheets. Wheelock, | 
jov & Co. Bulletin Ox-74. 
Saving of stainless steel throug 
use of Pluramelt. Allegheny Ludlu 
Steel Corp. Bulletin Df-92. 
New 60-page data book on molyb 
denum wrought steels has been is 
sued by Molybdenum Corp. of An 
ica. Bulletin Nf-312. 
New leaflet describes Jessop Ste 
Co.’s Truform die steels. Bullet 
Nf-173. 
Shop notes on the machining 
stainless steels are presented in 
24-page book by Rustless Iron & 
Steel Corp. Bulletin Nf-169. 


NON-FERROUS METALS 


Silver alloy brazing. Handy & Hat 
man. Bulletin Hf-126. 

Bronze. Frontier 
Bulletin Kf-455. 

Various applications of bronze | 
the war industries are shown in ne’ 
8-page booklet by Ampco Metal, In: 
Bulletin Lf-175. 


Bronze Cor 


Metal Progress 7301 Euclid Ave., Clev 
Send me the literature I have indicatec 


veland 


1 below. 


(Students—please write direct to manufacturers.) 
Check or circle the numbers referring to literature described on these four pages. 
Page 1106 _ Page 1108 Page 1110-———_. Page 1112 
Hf-238 Kf-484 Hb-4 Kd-89 Ne-330 Hf-49 Bf-5 Ef-323 Lf-356 Ff-396 D-17 
Kf-316 Cf-172 Lf-436 Gf-248 Cf-368 Lf-55 Bf-234 Ef-386 Lf-i11 Hf-131 Bb-84 
Lf-382 Kf-134  Df-377 If-419 Af-226 Kf-399 Hf-296 Bf-16 Ec-208a 
Af-333 Kf-425 Lf-7 Lf-203 Ne-114 Kf-388 Hf-68  Db-18 Cf-370 
Lf-145  Be-30 Kf-439 Ka-18  Ef-327 
Ff-394 Kf-45 Lf-287 Ce-219 Kf-444 Bf-124 Ef-387 
Nf-467 Kf-437 Af-331 Lf-462 Lf-44 Ff-11 Kf-446 Ne-329 -387 
Ff-132 Kf-12 Kf-421 Lf-464 Lf-67 Lf-38 Nd-123 Kf-447 Ff-397 Bf-357 Kf-422 
Hf-8a Kf-429 De-207 Lf-60 Lf-110 Lf-51 1f-413 Fe-310 Ff-193 Af-195 Kf-423 
 Fe-106 Kf-450 Ee-215 \Nf-470 Ke-135 Lf-463 1f-43 Kf-448 Ff-240 Ga-9# La-23 
Ke-118 Ff-395 Cf-22 Lf-443 Gd-2 He-41 Had-29 Ge-152 
f-99 Df-371 Ff-286 Be-82 Ke-211 Bf-352 
04-255 Ox-74 Ff-155 Bb-187 Nf-181 Ke-151 
Ef-360 pf-9 Gf-67 Bf-66 Ke-260 Nf-154 Df-376 Ka-174 
Ce-76 Nf-239 Ce-302 Nf-305 Ef-381 Lf-299 
Nf-312 Nf-163 Ff-321 Cf-70 Nf-l41 Gf-256 
Kr-230 Ff-10 Bf-183 Df-60 Ce-75 Nb-212 

Kd-294 Nf-169 Ne-86 Lf-461 Cf-24 Te-88 Ge-143 Lf-460 
Na-138 Cf-367 Ld-57 Kf-426 Lf-459 
Lf-465 -295 Ke-34 Ef-379 Ef-218 Kf-456 

Kf-455 Ld-191 Lb-25 Ef-319 ~—dDf-100 Kf-457 Nf- 
Lf-177 Kd-229 Ge-63 Ne-15 Df-360 Nf-192 Ne-204 Nf-469 
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ESSENTIAL INSTRUMENT MATERIALS 


in compliance with 
WPB conservation 
order No. L-134 


DH pA 
oe ope 


Many valuable solutions to problems arising from the new WPB Conserva- 
tion Order L-134, which drastically limits the use of various materials for 
thermocouples, lead wire, thermometer bulbs, protecting tubes, etc., are 
given in the recently published Wheelco Supplement to Thermocouple Bul- 
letin S2-3. The Supplement S2-3 is the result of an extensive analysis of 
the WPB Order L-134 by Wheelco Engineers and is published for the bene- 
fit of those who will be affected by this order. The Supplement also con- 
tains a partial summary of the L-134 Order: the complete L-134 Order as 
amended September 9, 1942, additions and revisions applying to various 
items in the Wheelco S2-3 Bulletin and a complete list of Wheelco Sales 
and Service Engineers who can help you with your instrument problems. 


Write for your FREE copy of Supplement 
to Bulletin S2-3 and the issue of Wheelco 
Comments which deals with Thermocouple 
construction and maintenance. 


ilso request copy of Bulletin S2-3 if you 
do not have a copy. 
Wheeles Instruments Go. 
835 W. HARRISON STREET... CHICAGO, ILLINOIS 
Originator of "Electronic Principle” Temperature Controls 
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NEW 


IN MANUFACTURERS’ LITERATURE 


Copper Alloys. American Brass Co. 
Bulletin Kd-89. 

Aluminum alloys for aircraft. Rey- 
nolds Metals Co. Bulletin Lf-436. 

October Copper & Brass Research 
Assn. “Bulletin” features article on 
radio’s use of brass. Bulletin Lf-382. 

Platinum Metal Catalysts, Baker & 
Co., Ine. Bulletin Af-337. 

New edition of “Machining Alcoa 
Aluminum”, Aluminum Co. of Amer- 
ica. Bulletin Kf-54. 

New, complete catalog describes 
features and savings incorporated in 
die casting equipment of  Lester- 
Phoenix, Inc. Bulletin Kf-437. 

Cerrosafe, a low temperature melt- 
ing metal, used to accurately proof- 
cast cavities. Cerro de Pasco Cop- 
per Corp. Bulletin Kf-421. 

Aluminum Castings. National 
Bronze & Aluminum Foundry Co. 
Bulletin De-307. 

Dowmetal data book. Dow Chemi- 
eal Co, Bulletin Ee-215. 

Handy, compact reference data on 
brass and bronze castings. Hammond 
Brass Works. Bulletin Df-371. 

Reference on properties of lead. 
St. Joseph Lead Co. Bulletin If-415. 

Catalog of brass, bronze and iron 
alloys. Cramp Brass and Iron Foun- 
dries Div., Baldwin Locomotive 
Works. Bulletin Gf-67. 

New “Copper Guide” is a hand- 
book for easy reference to technol- 
ogy and properties of copper and 
copper base alloys, welding tech- 
nique, ete. Revere Copper and Brass, 
Inc. Bulletin Nf-239. 

80-page Duronze Manual, well in- 
dexed for reference, presents data 
on high strength silicon’ bronzes. 
Bridgeport Brass Co. Bulletin Nf- 
163. 


WELDING 


irc Welding. Lincoln Electric Co. 
Bulletin Ff-10. 

Welding Stainless. Page Steel & 
Wire Div., American Chain & Cable 
Co., Ine. Bulletin Ne-86. 

New chart explains how to select 
proper flux for every welding, braz- 
ing and soldering job, gives answers 
to 400 metal-joining questions. 
Krembs & Co. Bulletin Ff-393. 

Electrode quantity and welding 
time graph. Arcos Corp. Bulletin 
Ld-191, 

Oxy-acetylene welding and cutting. 
Linde Air Products Co. Bulletin Ge- 
63. 

“Fight-waste” booklet. Air Reduc- 
tion Sales Co. Bulletin If-69. 


Shield Are electrodes. Mckay Co. 
Bulletin Gf-248. 

A-C welders for use with Union- 
melt process. Westinghouse Electric 
& Mfg. Co. Bulletin Kf-134. 

Sciaky radial portable welder. Sci- 
aky Brothers. Bulletin Kf-425. 

Castolin Eutectic Alloys as a sub- 
stitute for scarce bronze or brass 
welding rods. Eutectic Welding Al- 
loys Co. Bulletin Lf-301. 

Two-stage “Regolator” for produc- 
ing a non-fluctuating welding flame. 
National Cylinder Gas Co. Bulletin 
Af-331. 

New catalog contains 88 pictures 
of new Suttonizing welding method 
for reclamation of high speed steel 
tools. Welding Equipment and Sup- 
ply Co. Bulletin Lf-464. 

Arc welding accessories available 
through General Electric Co. are 
illustrated in new Bulletin Lf-60. 

New precision welder with the 
streamlined are is described in leaf- 
let issued by Hercules Electric & 
Mfg. Co., Ine. Bulletin Nf-470. 


TESTING & CONTROL 


“Kodak Products for Industrial 
Radiography”. Eastman Kodak Co. 
Bulletin Ff-395. 

Inspection of non-magnetic metals 
with the new Zyglo method. Magna- 
flux Corp. Bulletin If-401. 

Industrial radiography with ra- 
dium. Canadian Radium & Uranium 
Corp. Bulletin Ff-320. 

Metallurgical laboratory apparatus. 
Burrell Technical Supply Co. Bulle- 
tin Ff-213. 

Tension and compression strains. 
American Instrument Co. Bulletin 
Nv-259. 

X-Ray Diffraction Unit. General 
Electric X-ray Corp. Bulletin He-6. 

Radium for industrial radiography. 
Radium Chemical Co., Ine. Bulletin 
Bf-345. 

Modern Polishing. Tracy C. Jar- 
rett. Bulletin De-303. 

Film and plate processing equip- 
ment for spectro analysis. Harry W. 
Dietert Co. Bulletin Af-198. 

Optical Aids. Bausch & Lomb Opti- 
cal Co. Bulletin Ce-35. 

Universal testing machines and 
typical uses. Riehle Testing Machine 
Div., American Machine and Metals, 
Inc. Bulletin Cf-157. 

Pyrometer Controller, Ulinois Test- 
ing Laboratories, Inc. Bulletin) Hb- 
180. 
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Universal enclosed terminal hy 
Arklay S. Richards Co. Bulletin 
330. 

Metallographic polishing powd 
Conrad Wolff. Bulletin Cf-368. 

Portable Brinell hardness tester 
folding Brinell microscope. And 
King. Bulletin Df-377. 

8-page leaflet makes a detail 
presentation of the Coleman | 
versal spectrophotometer. Wilk: 
Anderson Co. Bulletin Lf-7. 

Revised catalog of Micromax th: 
mocouple pyrometers has just by 
issued by Leeds & Northrup Co. By 
letin Lf-46. 

Laboratory and industrial electri 
furnaces manufactured by Cooley 
Electric Mfg. Corp. are described j 
new Bulletin Lf-462. 

Automatic stress-strain recording 
is discussed comprehensively and 
equipment is pictured in new book 
let by Baldwin-Southwark Diy. 
Baldwin Locomotive Works. Bull 
tin Lf-67. 

New bulletin interprets WPB con 
servation order L-134 as it applies 
to use of thermocouples and thermo 
couple protecting tubes for pyromet 
ric instruments. Wheelco  Instru 
ments Co. Bulletin Lf-110. 

Metallurgical Equipment, Adolph 
I. Buehler. Bulletin Ke-135. 

Hardness testing equipment. Wil- 
son Mechanical Instrument Co., Ine. 
Bulletin Cf-22. 

Potentiometer temperature indica 
tors. Foxboro Co. Bulletin Ef-21 

Gage blocks, comparators, proje« 
tors. George Scherr Co. Bulletin 
Kf-206. 

Pyrovac radiation pyrometer, Bris 
tol Co. Bulletin Kf-87. 

Complete information on National 
Spark Testing Assn.’s methods of as 
certaining the chemical composition 
of steel. Bulletin Kf-428. 

Slomin high speed electrolytic 
analyzers and other metallurgical 
laboratory equipment. E. H. Sargent 
& Co. Bulletin Kf-458. 

Surface Analyzer. Brush Develop 
ment Company. Bulletin Kd-288. 

Polishing Machine. Cincinnati 
Electrical Tool Co. Bulletin Ox-97. 

Micro-Optical Pyrometers. Pyrom 
eter Instrument Co. Bulletin Ke-37. 

X-Ray metallurgical laboratory 
service is described and _ illustrated 
in new file folder issued by Claud S 
Gordon Co. Bulletin Nf-52. 

64-page booklet on the precisio! 
control of industrial processes has 
been issued by Brown Instrument 
Co. Bulletin Nf-3. 


HEATING e HEAT TREAT- 
MENT 


Tempering, annealing, stress-relics 
ing. Leeds & Northrup Co. Bulleti 
Hif-46. 


Use Handy Coupon on Page 1106 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 

Listed on Pages 1106, 1110 and 1112. 


ere aa 
7 
3 
is 
By 
4 
+ 
4 
¥ 
v 
ie 
: 
: 


THE SERUICE O ANTI-FRICTION BEARING 


Ten years of steel progress in one of America’s most 
modern and coordinated mills guarantees the quality | 
of steels going into thousands of bearings used in war- 
time equipment. 

The advances made by Rotary in production of elec- 
tric furnace alloy steels have been supplemented by es 
additions to finishing facilities and the installation of | 
complete heat treating equipment, additional annealing 
furnaces and many other improvements. 


Rotary is playing a prominent part in the miracles of 
steel demanded in the aircraft and ordnance industries. 


Quality Steels for Aircraft ... Ball and Roller Bear- 
ings and Special Ordnance Application. 


OFFICES 
CHICAGO 
CLEVELAND 
INDIANAPOLIS 
SYRACUSE 
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NEW 


IN MANUFACTURERS’ LITERATURE 


56-page vest pocket data book on 
heat treating practices and proce- 
dures. Chicago Flexible Shaft Co. 
Bulletin Hf-49. 

24-page catalog describes gas, oil 
and electric Holden heat treating pot 
furnaces, and baths. A. F. Holden Co. 
Bulletin Lf-55. 


Industrial furnaces for ingots, bil- 
lets, slabs, bars, rods and gun bar- 
rels. Wellman Engineering Co. Bul- 
letin [f-419, 

New 8-page booklet describes and 
illustrates gas, oil and electric heat 
treating and carburizing furnaces of 
Holcroft & Co. Bulletin Lf-203. 

Faster production with Tocco 
hardening, brazing, annealing and 
heating machines is set forth in new 
16-page booklet by Ohio Crankshaft 
Co. Bulletin Lf-145. 

Kleen-well oil strainers for quench 
oil cooling systems is described in 
leaflet by Bell & Gossett Co. Bulle- 
tin Lf-287. 

Gas cracking unit for production 
of a protective atmosphere during 
heat treatment of alloy and high ecar- 
bon tool steels is described by Hevi- 
Duty Electric Co. in new Bulletin 
Lf-44. 

Liquid salt baths for carburizing, 
annealing, reheating, tempering and 
neutral hardening are described by 
EK. F. Houghton & Co. in new Bulle- 
tin Lf-38. 

Annealing stress-relieving of 
cartridge cases are discussed by Sur- 
face Combustion Corp. in new Bulle- 
tin Lf-51. 

Unichrome alkaline copper proc- 
esses for improvement of selective 
hardening and deep drawing of steel 
are described by United Chromium, 
Inc., in new Bulletin Lf-463. 

Method of handling cylinder anhy- 
drous ammonia for metal treaters is 
comprehensively described and_ pic- 
tured in 12-page booklet by Armour 
Ammonia Works, division of Armour 
and Co. Bulletin Lf-443. 

“Pulverized Coal, the Victory Fuel”. 
Amsler-Morton Co. Bulletin Ff-286. 

Heat treating furnaces. Johnston 
Mfg. Co. Bulletin Ff-155. 


Heat treating production, Lindberg 
Engineering Co. Bulletin Bf-66. 

Rotary Hearth Furnaces. Lee Wil- 
son Sales Corp. Bulletin Ce-302. 


Industrial furnaces, equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment. 
Drever Co. Bulletin Ff-321. 

Industrial ovens, rod bakers, weld- 
ing rod ovens, furnaces. Carl-Mayer 
Corp. Bulletin Bf-183. 


Modern electric furnaces for heat 
treating are described by Harold E. 
Trent Co. in new Bulletin Lf-461. 

Low pressure oil burners. North 
American Mfg. Co. Bulletin Na-138. 

Industrial Furnaces. W. S. Rock- 
well Co. Bulletin Ke-34. 

Non-metallic Electric Heating Ele- 
ments. Globar Div., Carborundum 
Co. Bulletin Lb-25. 

Certain Curtain Furnaces. C. 1. 
Hayes, Inc. Bulletin Ne-15. 

Modern Shell Furnaces. Mahr Man- 
ufacturing Co. Bulletin Bf-5. 

Butterfly Valves. R-S Products 
Corp. Bulletin Bf-234. 

Gas-fired Forge Furnaces. Eclipse 
Fuel Engineering Co. Bulletin Af-226. 

Vertical Furnace. Sentry Co. Bul- 
letin Ne-114. 

Conveyor Furnaces. Electric Fur- 
nace Co. Bulletin Be-30. 

Industrial Carburetors. C. M. 
Kemp Mfg. Co. Bulletin Ce-219. 

Condensed Catalog. American Gas 
Furnace Co. Bulletin Ff-11. 

Convected Air Furnace. Despatch 
Oven Co. Bulletin Nd-123. 

Molten Salt Baths. E. |. DuPont 
de Nemours & Co., Inc., Electrochem- 
icals Department. Bulletin If-413. 

Heat treatment in electric salt bath 
furnaces. Ajax Electric Co., Inc. Bul- 
letin If-43. 

New Electric Furnace. American 
Electric Furnace Co. Bulletin Gd-2. 

Furnace Experience. Flinn & Dref- 
fein Co. Bulletin Be-82. 

Dehumidifier. Pittsburgh Lectro- 
dryer Corp. Bulletin Bb-187. 

Furnaces. Dempsey Industrial Fur- 
nace Corp. Bulletin Ke-260. 

High Temperature Fans, Michiana 
Products Corp. Bulietin Hb-81. 

Turbo-compressors. Spencer Tur- 
bine Co. Bulletin Cf-70. 

Drycolene. General Electric fur- 
nace atmosphere. Bulletin Df-60. 

Electric Furnaces for laboratory 
and production heat treatment. Hos- 
kins Manufacturing Co. Bulletin Cf- 
24. 

Control of temperatures of quench- 
ing baths. Niagara Blower Co. Bul- 
letin Cf-367. 

Electric box type and muffle fur- 
naces. H. QO. Swoboda, Inc. Bulletin 
Ef-379. 

Lithco, the chemically-neutral heat 
treating process, and Lithearb, the 
process for fast, bright gas-carburiz- 
ing. Lithium Corp. Bulletin Ef-319. 

Dual-Action quenching oil. Gulf 
Oil Co. Bulletin Df-360. 
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Induction heating. Induction H 
ing Corp. Bulletin Ef-323. 
Internally heated salt bath furn 
and pots. Upton Electric Fur: 
Div. Bulletin Ef-386. 
Sub-zero equipment for alumi: 
storage, shrinking of metal p 
Kold-Hold Mfg. Co. Bulletin Kf 
S.F.E. Standard Industrial fur: 
catalog. Standard Fuel Enginee: 
Co. Bulletin Kf-388. 
Controlled atmosphere furnace 
heat treatment of tool and a!) 
steels. Delaware Tool Steel C 
Bulletin Kf-439. 
Low temperature equipment 
aging, shrinking, ete. Deepfre 
Div., Motor Products Corp. Bullet 
Kf-444. 
Heat treating furnaces. MeCa 
Furnace Co. Bulletin Kf-446. 
Furnaces. Tate-Jones Co. Bullet 
Kf-447. 
Gas-burning equipment. National 
Machine Works. Bulletin Fe-310 
Furnaces. Vulcan Corp. Bulletin 
Kf-448. 
Electric Furnaces. Ajax Electro 
thermic Corp. Bulletin He-41. 
New Heat Source, for Heat Treat 
ing, Brazing and Melting of ferrous 
and non-ferrous metals. Lepel High 
Frequency Laboratories, Inc. Bulk 
tin Ke-211. 
16-page engineering and data book 
let on proportioning oil burners 
Hauck Mfg. Co. Bulletin Nf-181. 
8-page pictorial bulletin describes 
the heat treating service of Conti 
nental Industrial Engineers, Inc. Bul 
letin Nf-154. 
Flame-type mouth and taper an 
nealing machine for steel cartridge 
cases is described in new leaflet by 
Morrison Engineering Corp. Bulletin 
Nf-305. 
No-Carb, a liquid paint for preven 
tion of carburization or decarburiza 
tion, is described and use illustrated 
in new leaflet by Park Chemical Co 
Bulletin Nf-141. 


REFRACTORIES & 
INSULATION 


Insulating firebrick. Babcock & 
Wilcox Co. Bulletin Ce-75. 

Heavy Duty Refractories. Norton 
Co. Bulletin le-88. 

Super Refractories catalog. Carbo- 
rundum Co. Bulletin Le-57. 

P. B. Sillimanite refractories. Chas. 
Taylor Sons Co. Bulletin Ef-218. 

Conductivity and heat transfer 
charts. Johns-Manville. Bulletin Df- 
100. 

Savings in construction time, labor 
and money with use of the all Rami» 
bottom for basic open hearth fur 
naces are shown in new leaflet by 
Basic Refractories, Inc. Bulletin N! 
192. 


Use Handy Coupon on Page 1106 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 1106, 1108 and 1112. . 


ne 
4 
ey 
v4 
ag 
be 
= 
iat 
: 


More and more burner and furnace manufacturers 
in the field of industrial heating are today furnish- 
ing the Ingersoll-Rand Type""G" MOTORBLOWER 
as the source of combustion air. Typical of such 
an installation is the 7% hp single-stage unit sold 
through the R-S Products Corp. to the Lebanon 
Steel Foundry for air supply to the oil burners of 
two direct-fired car-type hearth furnaces used in 
the heat treating of steel castings. 


Economical trouble-free service is a ‘‘must”’ for 
all war equipment manufacturing facilities. These 
characteristics have been amply demonstrated by 
large numbers of Type “G’" MOTORBLOWERS 


now in operation. 


Specify Type MOTORBLOWERS 


PRESSURE: ¥% to 2% Ib. POWER: 2 to 30 hp. 
VOLUME: 100to 4500cfm. BULLETIN: Form 2671-B. 


12-205 


jersoll-Rand 


" WAN. NEW YORK 


Aires Colcutto Coroces « Hovanc Johannesburg Lima Lisbon London « Madrid Melbourne Menico Montreal Rio de jJonewo 
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NEW 


IN MANUFACTURERS’ LITERATURE 


FINISHING, PLATING, 
CLEANING 


Technical and engineering data on 
Tygon and typical uses, such as tank 
linings, are presented by United 
States Stoneware Co. in new Bulle- 
tin Lf-356. 


Detrex metal cleaning machines, 
metal cleaning chemicals and proc- 
essing equipment are attractively 
described in new 24-page catalog by 
Detroit Rex Products Co. Bulletin 
Lf-111. 


Cleaning Manual, Oakite Products, 
Inc. Bulletin Hf-296, 


Airless Rotoblast. Pangborn Corp. 
Bulletin Hf-68. 


A protective, deep black finish to 
steel. Heatbath Corp. Bulletin Hf- 
189. 


Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin Ne-329. 

112-page manual “Chemicals by 


Glyco”. Glyco Products Co., Ine. 
Bulletin Ff-397. 


Pickling. Wm. M. Parkin Co. Bul- 
letin Ff-193. 


Modern Pickling. The Enthone Co. 
Bulletin Ff-240. 


Cadmium Plating. E. I. duPont 
deNemours & Co., Inc. Bulletin Hd- 
29. 


Motor-Generators for electroplat- 
ing and other electrolytic processes. 
Columbia Electric Mfg. Co. Bulletin 
Bf-352. 


“Indium and Indium Plating’. In- 
dium Corp. of America. Bulletin 
Df-376., 


Casting cleaning methods in foun- 
dries. N. Ransohoff, Inc. Bulletin Ef- 
381. 


Jetal process and its characteris- 
tics as a protective coating. Alrose 
Chemical Co. Bulletin Gf-256. 


Rust Preventative. Alox Corp. Bul- 
letin Nb-212. 


Electrochemical Descaling. Bul- 
lard-Dunn Process Div., Bullard Co. 
Bulletin Ge-143. 


Comprehensive new booklet de- 
scribes the rust inhibiting wax coat- 
ings for protection of metal against 
rust and corrosion developed by S. 
C. Johnson & Son, Inc. Bulletin Kf- 
426. 

Tumbling and cleaning. Globe 
Stamping and Machine Co. Bulletin 
Kf-456. 


Anodizing and plating equipment. 
Lasalco, Inc. Bulletin Kf-457. 


Degreasers. Phillips Manufacturing 
Co. Bulletin Ne-254. 


MELTING e CASTING e MILL 
OPERATIONS 


Care of crucibles for brass, copper, 
aluminum and magnesium industries. 
Electro Refractories and Alloys Corp. 
Bulletin Ff-396. 

Rotary positive blower installations 
in several fields, including smelting, 
steel mill and foundry. Roots-Con- 
nersville Blower Corp. Bulletin Hf- 
131. 

“Electromet Products and Service”. 
Electro Metallurgical Co. Bulletin Bf- 
16. 

Lectromelt Furnaces. Pittsburgh 
Lectromelt Furnace Corp. Bulletin 
Db-18. 


Ingot Production. Gathmann Engi- 
neering Co. Bulletin Ka-13. 

Operating Features, capacities, 
charging methods of the Heroult 
electric furnace. American Bridge 
Co. Bulletin Bf-124. 

How Research Has Produced de- 
velopments that make the side-blow 
converter process desirable as a 
source of high temperature metal. 
Whiting Corp. Bulletin Bf-357. 

Fisher Furnace Co.’s stationary and 
tilting type crucible melting furnaces 
for ferrous and non-ferrous metals. 
Bulletin Af-195. 

Manganese-Titanium Steels. 
Titanium Alloy Mfg. Co. Bulletin 
Ga-90. 

Electric Furnaces. Detroit Electric 
Furnace Div., Kuhlman Electric Co. 
Bulletin Hd-271. 

Chrom-X for steel mill and found- 
ry. Chromium Mining & Smelting 
Co. Bulletin Kf-451. 

Electric melting furnaces. Swin- 
dell-Dressler Corp. Bulletin Kf-438. 


ENGINEERING e APPLICA- 
TIONS e PARTS 


Electrical, corrosion and heat re- 
sisting alloys in rod, wire, ribbon 
and strip forms. Wilbur B. Driver 
Co. Bulletin Kf-430. 

Carburizing Boxes. Pressed Steel 
Co. Bulletin Ce-269. 

Duraspun Centrifugal Castings. 
Duraloy Co. Bulletin Bf-233. 

X-Ray Inspected Castings, Electro 
Alloys Co. Bulletin Ld-32. 
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Meehanite Castings. Meehanit 
search Institute. Bulletin Bf-165 

Ledaloyl, self-lubricating bea; 
Johnson Bronze Co. Bulletin Af. 

Metal Baskets. W. S. Tyle 
Bulletin Bf-359. 

Steel Castings. Chicago Steel } 
dry Co. Bulletin He-184. 

Heat Resisting Alloys. Gener 
loys Co. Bulletin D-17. 

Pipes and Tubes. Michigan Stee} 
Casting Co. Bulletin Bb-84. 


Metal Powders. Metals Disinteg 
ing Co. Bulletin Ec-208a. 


Bimetals and Electrical Contacts. 
The H. A. Wilson Company. Bulletin 
Cf-370. 

Handy wire data chart. Callite 
Tungsten Corp. Bulletin Ef-327. 


Corrosion and heat resistant a 
Lebanon Steel Foundry. Bulletin F! 
387. 

Lead-base metals. Magnolia Metal 
Co. Bulletin Kf-422. 


Comprehensive, pictorial descrip 
tion of wide range of applications 
where Velvetouch Bimetallic friction 
material may be installed is «& 
scribed in new plastic-bound booklet 
by the S. K. Wellman Co. Bulletin 
Kf-423. 

Cr-Ni-Mo Steels. A. Finkl & Sons 
Co. Bulletin La-23. 

Duriron. A new bulletin on steam 
jets, ejectors, tank outlets and spray 
nozzles. Duriron Co. Bulletin Ge-152. 


= 


Heat and corrosion-resisting cast- 
ings. Standard Alloys Co., Inc. Bul- 
letin Ke-151. 


Centrifugal Iron. Shenango-Penn 
Mold Co. Bulletin Ka-174. 


Industrial baskets, crates, trays and 
fixtures are described by Rolock, 
Inc., in new Bulletin Lf-299. 


Standard and special shapes of 
seamless steel tubing are described 
and pictured in new leaflet by Sum- 
merill Tubing Co. Bulletin Lf-108. 


New 12-page booklet describes 
background, manufacture and _ typi- 
cal applications of Tungsten. Cleve- 
land Tungsten, Inc. Bulletin Lf-460. 


Handling baskets for heat treating, 
washing, dipping, degreasing, etc., 
are shown in new leaflets issued by 
Union Steel Products Co. Bulletin 
Lf-459. 


Instrument Specialties Co. has is- 
sued “Better Brush Springs”, refer- 
ence leaflet showing how “Micro- 
processed” beryllium copper brush 
springs have answered demands and 
includes data and formulae for 
spring design. Bulletin Nf-468. 


Conversion from several types 
scarce metals to malleable iron is 
described and _ illustrated in new 
booklet by Lake City Malleable C 
Bulletin Nf-469. 


Use Handy Coupon on Page 1106 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 

Listed on Pages 1106, 1108 and 1110. 
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Whether your heat-treat- 
ing volume is large or 
small, B&G can furnisha 
properly sized Self-Con-_ 
tained Oil Cooler Unit. 


ENGINEERED... AND 
ASSEMBLED COMPLETE! | 


The illustration above shows the painless and low-cost way of installing a modern quench- 
oil cooling system. It's the B & G way—which includes not only the original engineering 
to your specifications but the actual assembly of all parts into a complete Self-Contained 
unit. The Cooler, Pumps, Regulating Valves, Electrical Controls and other necessary items 
are all mounted on a fabricated steel stand, custom-built for your individual equipment. 
Assembly of an oil cooling system is a difficult and expensive job when attempted by work- 
men unfamiliar with its complex parts and piping. All this is done for you when you buy a 


Bell & Gossett Co. takes all the en- B & G Self-Contained Unit, obviously eliminating a big labor charge for building pump 
piers, stands and for assembling pipe, fittings, valves and wiring. Your only responsibility 
and construct a complete oil cooling is to place the unit in position and connect it to the quench tank and water lines. In addi- 
system, ready to operate. Estimates and tion, a B & G Self-Contained Oil Cooler Unit can be easily moved if a change in your plant if 
witl yes arrangement makes it necessary. | 
| 


End time and power waste with a B & G Kieen-Well Oil Strainer 
Built specifically for oil cooling systems! Amply sized to permit long 


periods of operation without cleaning—properly screened to remove scale 
without introducing power-wasting resistance. Send for literature. 


HEAT-TREATING EQUIPMENT 


SINCE 1916 BELL & GOSSETT CO., morton crove, WuINols 
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LOW Shrinkage and 


Dusting Loss 


Powder ....... 97-98% 
Pure Manganese........ 97-99% 
Ferro-Chromium.......... 60% 
Pure Chromium ........ 98-99% 
Ferro-Tungsten......... 75-80% 
Ferro-Titanium. ....... 25 & 40% 
Ferro-Vanadium........ 35-40% 

(1% Silicon) 
Send for Pamphlet No. 2021 ) 


METAL AND THERMIT CORPORATION 


120 BROADWAY NEW YORK, WN. Y. 


Albany + Pittsburgh + Chicago + So. San Francisco + Toronto 


THE KING 
PORTABLE 
BRINELL 


A HARDNESS TESTER FOR PORTABLE 
AND STATIONARY USE 


Puts an actual load of 
3000kg.ona1l10mm. ball. 


Throat, 4” deep. 
Gap, 10” high. 
Weight, 26 lbs. 


Can be used in any posi- 
tion—even upside down. 


- | 


Test head removable for testing larger pieces 
beyond the capacity of the standard base. 


ANDREW KING 


NARBERTH, PENNA. 


A COMPLETE STOCK OF 
STANDARDIZED 


industrial thermocouples 


AND THEIR ACCESSORIES 
FOR ALL MAKES OF 
PYROMETERS 


ARKLAY 5S. 
RICHARDS CO. Inc. 


74 WINCHESTER ST., 
NEWTON HIGHLANDS, MASS. 
THERMOCOUPLES *% LEAD WIRE 
THERMOCOUPLE WIRES 
INSULATORS % TERMINAL HEADS 
CONNECTORS 
PROTECTION TUBES 
* 
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Norton engineers work with the most refractory 
commercial substances known: Crystolon | 
(SiC), Alundum (fused Al.O.) and fused Mag- 7 
nesia grains. They are constantly developing 
better refractory mixes to meet the needs of . . 

war-time industry. 


NORTON COMPANY 


Massachusetts 


4 
. 
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Eclipse Fuel Engineering Company 


j 4 


THERMOSTATIC BI-METALS 


ELECTRICAL CONTACTS 


Percolators or Pursuit Planes 


* Almost overnight, whole industries have changed over 
from peacetime to war production, *® Yet, whether it’s brood- 
ers or bombers, transformers or transports, percolators or 
pursuit planes, the need for Wilco spec ialized thermostatic 
bi-metals and electrical contacts remains unchanged. Resis- 
tance bi-metals (from 24 to 440 ohms, per sq. mil, ft.) and 
high and low temperature thermostatic bi-metals are avail- 
able in wide variety. # Also Wilco electrical contact alloys 


(in Silver, Platinum, Gold, Tungsten, Metal Powder Groups). 


The H. A.WILSON CO. 


105 CHESTNUT ST., NEWARK, N. J. 


Branches: Chicago and Detroit 
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Type 20 Heroult Furnace produc. 
ing stainless steel. An all-welded 
floor-mounted unit embodying al! 
latest improvements 


ARTICULARLY designed and equipped for high- 
quality melting and refining of ferrous materials by 
either basic or acid process—including alloy, tool and forging 
steels, iron and steel castings. Any capacity from ', ton to 
100 tons; removable roof, chute, machine or hand charging 


AMERICAN BRIDGE COMPANY 


General Offices: Pittsburgh, Pa 
Offices in the larger cities 
Columbia Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel I xport Company, New York 


UNITED STATES STEEL 


HARDNESS TESTING 
Brinell - Shore - Scale 


Included in our improved 


Portable Scleroscope 
Model D-1. This efficient 
single scale tester registers 
Brinell-Shore 
without damage to the 
work. The old standby 
during the First World 


War is ready to serve 


values 


Write for circular. 


THE SHORE INSTRUMENT & 


MANUFACTURING CO., INC. 
9025 Van Wyck Ave. JAMAICA, N. Y. 


~ 
{ 
° 
a 


Company. is doing all it can in the tg = 


“Shield-o-matic” welding apparatus, 


fully automat 
elding pre 


ected are Electric welders for A.C. or DC. operation are available . 
in a complete range of sizes to meet any requirement hich meets all code requirements se 


types and sizes, 
esults for any job 


Stud welding system for pro- 


ion end-welding of steel 


tions to metal surfaces 


HOLLUP products may help speed your output . » Write for literature, specifying equipment in which you are 


HOLLUP CORPORATION 


otvistown 


NATIONAL CYLINDER GAS COMPANY 


205 W. WACKER in Cities CHICAGO, ILLINOIS 


interested. 


QWELDING.. 
HOLLUP products and services are helping speed war production 
| 4 3 


at 


THE IDEAL FURNACE FOR ALUMINUM AND MAGNESIUM DIE CASTING 


3 


Wide-flange drip ring to 


eliminate metal splash in- 
to furnace during dipping. J 


Non warping top casting : 
with expansion ring. 


Refractory lined combustion 
chamber with insulation en- 
closed in steel shell. 


McKee Zero Governor to 
provide accurate gas regu- 
lation. 


McKee “HE” Burner to 
provide high input with 
wide range of turndown. 


Heavy bottom casting to 
provide rigid support. 


SUPPLIED IN 150 TO 675 LB. CAPACITY FOR MELT DOWN OR HOLDING 
Manufacturers of 
Air Draw Furnaces Oven Furnaces Forge Furnaces Rivet Heaters 


Pot Furnaces for Oil, Lead & Salt Bell Furnaces Soft Metal Furnaces 


< Eclipse Fuel Engineering Company 


ROCKFORD ILLINOIS Eclipse 


MAKE YOUR OWN 
CUTTING TOOLS 


with the new 


COLMONOY WCR ALLOYS 


Bridge the gap between high speed steel and the carbides. 
Reclaim old, and make new cutting tools by welding. The 
process is simple. To fabricate a typical tool — 


1. Undercut carbon steel 3. Hot wipe, to approxi- 
shank, leaving a fillet for mate shape, to save 
ease in welding. grinding. 

2. Fill undercut, using 4. Wet grind, using green 
ordinary hard facing silicon carbide rough 
welding procedure. and finish wheels. 


Write for Literature 
Immediate delivery of all grades of WOR Alloys at all branches. 


WALL-COLMONOY CORP. 


720 Fisher Bldg., Detroit, Mich. a 
Branches in New York City, Blasdell, N. ¥., Chicago, Tulsa, Los Angeles, and in Canada. 
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SHEET WALL CARBURIZING BOXES 


Misco sheet carburizing boxes are at least 
50% lighter than cast boxes of equal capacity. 


Roller a’ pe Their construction is planned for most efficient 
Chair service. 
Rerorts — Rolls 
ConveY® and Thermal stresses are reduced and pound for 
Carourizins Boxes — pound they last longer. They heat rapidly, save 
— Baskets — fuel, and reduce handling time. Based on our 
ae e experience with thousands of carburizing boxes 
Lead Po "Casting of all types, they afford maximum service per 
Centritus dollar of investment, and provide the greatest 


output in a given period of time. 


One of the World's Pioneer Producers of Heat and Corrosion Resistant Alloy Castings 


1980 GUOIN STREET - DETROIT - MICHIGAN 


and Resistont Alloys 
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Over 300,000 tons of GRAINAL-Treated 


steels now in the hands of consumers 


Leading steel makers now finishing many 


thousands of tons a month —— Rate 


rapidly rising 


Over 3 Years of large-scale commercial 
use in transmission gears, axles, shafts, 


spindles and other dynamically stressed 


parts 
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for Increasing the Hardening 
Capacity Steel 


Effects of a High Order 


Grainal 


Assures 


The effect of Graixnat on hardening capacity is of a 
sufficiently high order that along with its other merits 
GRAINAL may relieve the pressure on many other steel! 
hardening elements which, due to emergency conditions, 
are in the critical class. 

At the same time, GRAINAL makes possible in many 
steels favorable combinations of engineering properties 
that cannot be secured by conventional practices, For ex 
ample, in full hardened steels, GRAINAL produces new 
and better balances between usually incompatible prop 
terties—hardness versus toughness, strength versus im 
pact resistance. In fabrication, GRAINAL-treated steels 
generally behave better than other steels of the same 
hardening capacity, 


Simple to Add 


(GRAINAL treatment is the irreducible minimum in sim 
plicity —a small amount of alloy added after the usual 


finishing prac tice. 


Uniformity of Product 


The « om position of GRAINAL is “balanced” so that under 
normal steel making practice, no clement can be added 
in harmful quantities. Greater unitormity of product is 
thereby assured. 

GRAINAL is entirely a “plus value’’—a new way to 
develop unusual properties in quenched and tempered 


carbon and low-allov steels 
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Multiple Unit Muffle 
Furnace 

4 standard sizes, used with de- 
tached rheostat — for drying pre- 
cipitates — ash determinations — 
ignitions—heat treating, etc. up to 
1850° F. (1010° C.) 


Multiple Unit Solid Com- 
bustion Tube Furnace 
10 standard sizes—for carbon de- 
terminations and _ special heat 
treating operations up to 1950° F. 
(1065° C.) 


Multiple Unit Crucible 
Furnace 
standard sizes —for melting 
small quantities of metals — 
pyrometer calibration — molten 
salts and heating all materials, 
when contained in crucibles, up 


to 1950° F. (1065° C.) 


= 


HEVI DUTY ELECTRIC 


MULTIPLE UNIT 
LABORATORY FURNACES 


ELECTRIC EXCLUSIVELY 


he seven examples of Multiple Unit 


Laboratory heat treating equipment shown 
have been used extensively for thirty years, 
providing types for all laboratory furnace 
and hot plate requirements. Each type of 
Multiple Unit equipment has the exclusive 
feature of a multiple number of heating 
units, each readily replaceable by the user. 
This results in economy and 


uninterrupted operation. 


Multiple Unit Hinged 
Combustion Tube 
Furnace 


10 standard sizes—for carbon 

determinations—special organic 

analyses and special heat treat- 

ing applications up to 1950° F 

(1065° C.) 

Multiple Unit Organic Combustion 
Furnace 


Sections four, eight, and twelve inches long 
—each with separate rheostat control—op- 
erations up to 1832° F. (1000° C.)—an out- 
standing achievement for accuracy and 
comfort in operation. 


Multiple Unit Muffle 
Furnace 


3 standard sizes with built-in 
rheostat — same uses and tem- 


Multiple Unit Hot Plate 


7 standard sizes—each with three heats— 
for evaporating solutions — drying precipi- 
tates—distilling, boiling, etc. Maximum tem- 
perature 750° F. (400° C.) 


peratures as the other described 
muffle furnace 


COMPANY 


LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY 
orf 


6. & PAT. OF 
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Columbia 
other Electrolytic Processes 


MEETING DEMANDS — 


Maximum production of the 
implements of war depends on 
users of tool steels. 


Columbia is all-out for its 


users with all the facilities, 
skill and ingenuity at its com- 
mand, 

Ask for help if you need it. 


Columbia embody every feature essentia! 
to dependable, 24-hour operation. They are built for 
electropleting service in sizes of 6 to 20 volts, 500 to 
20,000 emperes,; for anodic treatment of aluminum in 
sizes of 40, 50 and 60 volts, 500 to 3,000 amperes. 
Columbie eto for other electrolytic processes 
range from to 250 KW, 100 to 40, amperes, 6 
to 60 volts. 

Prompt shipment can be made on any type and size. 


COLUMBIA TOOL STEEL COMPANY What are your requirements? 
STREET CHICAGO 4519 Hamilton Ave. Cleveland, Ohio 
ODERN melting, moulding, 


core room,sand handling and sand sf! J | 
control equipment, enable a trained per 4 ’ 


sonnel to produce the finest quality castings. 

Copper Base Alloys, Aluminum Bronze, Manga- 

nese Bronze and PMG metal (Copper, silicon, iron 
alloy), produced to all Federal, Navy and Ordnance, 
as well as individual specifications. Strict adherence 
to chemical and physical specifications. 


BRASS AND BRONZE 
CASTINGS up to 5400 Ibs. 


PORTABLE 10,000 POUNDS CAPACIT 


Weight: 83 pounds, height: 32 inches—yet al- 
lowing all type stress tests up to 10,000 pounds! 
Large specimen space, for wide range of ma- 
terials. Extremely accurate, casy to operate, 
low in cost. 

Write for Catalogue B-P 


@ Spindle Raising 
Columns for Gun 
Mounts. Navy Speci- 
fication 49-B-3e: 
weight of rough cast- 
ings, each % pounds 


Write for new book —''Practical Data on Brass and Bronze Castings"’ 


HAMMOND BRASS WORKS 


Hammond, Indiana 
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AMERICAN 
COMBUSTION EQUIPMENT 


Will save puel por your country and yout company! 


DESIGNED 
TO WORK TOGETHER 
AS A UNIT GIVING YOU 


ONE 
SOURCE OF SUPPLY 


ONE 
RESPONSIBILITY 


TURBO 
BLOWERS 


ADJUSTABLE 
PORT VALVES 


SENSITROL OIL and 
BUTTERFLY AIR 
VALVES 


RATIOTROLS and 
REGULATORS 


7s) | ANUFACTURERS OF INDUSTRIAL FUEL BURNING EQUIPMENT FO 
BRANCH OFFICES with FIELD ENGINEERS in PRINCIPAL 


(was  . 
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am THE NORTH AMERICAN MANUFACTURING COMPANY 
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PRODUCTION 


4 


4d MANY plants, the problem of meeting 
war production schedules has been solved only 
to bring up another, that of reaching a still 
higher quota so urgently needed to give our 
armed forces the equipment they must have 
for all-out offensive. 


Improved equipment is the answer! For in- 
stance, you'll get Better, Faster, Cheaper pro- 
duction when you install the latest design of 
furnaces and ovens created by Carl-Mayer. SHOT 


Wire for a Carl-Mayer Engineer, or write for 
Bulletin 241. 


OVER 20 YEARS’ EXPERIENCE 


This Carl-Mayer Shell Furnace is built for 

stress relieving shot and shells from 20 to 

105 mm. Many repeat orders from out- 
standing plants. 


THE CARL-MAYER CORP. 


Battery of High and Low Temperature 
Recirculating Type Furnaces 3030 Euclid Ave. Cleveland, Ohio 


AIR DRAW FURNACES, SHELL FURNACES, BATCH TYPE FURNACES, 


_ ROD BAKERS, WELDING ROD OVENS, CORE AND MOLD OVENS — 


American Magnesium Corp. Eclipse Aviation Division A FEW Hollup Corp. Steel Co. of Canada 


Aluminum Co. of America of Bendix Aviation Corp. Hyatt Roller Bearing Co. Thempson Preducts Co. 
Atlantic Wire Co. Ford Moter Co. CARL-MAYER Roller Bearing 
Atlas Steel Corp. General Electric Co. ttsburg 00 re 0. 

Bridgeport Brass Co. General Motors Corp. CUSTOMERS Ce. Wickwire-Spencer Co. 
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CUT ASSEMBLY AND FINISHING COSTS... AND GIVE YOU 
LIGHTER, STRONGER, MORE ACCURATE WAR PRODUCTS 


There is only one way to build prod- STEEL CASTINGS require less time 
ucts for war. That is to give them the to prepare for manufacture ... and at 
strength, hardness, rigidity, resistance the same time give you ALL of the 
to fatigue and stresses, and resistance : 
to heat, cold and pressure which speci- 
fications demand. Such specifications ——*., 
are best served by STEEL CASTINGS. ®Pecifications. 

Better get the facts, today! Get in 
touch with the foundry near you 
(their location is starred on the map) 
and find out how STEEL CASTINGS 
fit your production needs... and what 
cation of weight and strength just is more important how they can profit- 
where it is most needed. ably help you maintain schedules. 


THESE ELEVEN STARRED PLANTS... 1F YOU ARE IN 
THEIR AREA... CAN ECONOMICALLY IMPROVE YOUR 
WAR-TIME 
PRODUCTS 


desirable qualities of steel... often the 
only kind of casting which will meet 


Nor is that all. Metallurgical Engineers 
and designers are finding that STEEL 
CASTINGS cost less ... that they re- 
quire less time to handle and machine 
... that they make possible the appli- 


TULSA HOUSTON TOLEDO CLEVELAN! 
OKLAHOMA TEXAS OHIO OHIO 

Oklahoma Steel Castings Texas Electric Steel Casting Uniteast Corporation, Crucible Steel Casti 
Company Company Steel Casting Division Company 


1200 N. Peoria Bringhurst & Gillespie Front and Millard Avenue Almira & West ouch S 
Phone 5-9286 Phone Fairfax 8117 Phone POntiac 1545 Phone WOodbine # 
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KEE 
WISCONSIN 
ver Stee! Casting 


Company 
4 street 


Mitchell 


hone 


CHICAGO 
ILLINOIS 


Burnside Steel Foundry 


Company 
1300 East 92nd Street 
Phone SAGinaw 9600 


INDIANAPOLIS 


INDIANA 


Electric Steel Castings 


Company 
Speedway 
Phone Belmont 040) 


BUFFALO 
‘EW YORK 
rong Steel Foundry 


ny Company 
4th 5] Norris Street 
ine 1 Phone Riverside 2700 


PHILADELPHIA 
PENNSYLVANIA 
Dodge Steel 
Company 
Tacony 


Phone MAY fair 1650 


NEWARK 


NEW JERSEY 


American Steel Castings 


Avenue 


Company 
“L” and Herbert Street 
Phone Market 53-5464 
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DETROIT 
MICHIGAN 
Detroit Steel Casting 
Company 


4069-4140 Michigan Avenue 
Phone LAfayette 5710 


HERE ARE SOME OF THE 
PRODUCTS WHICH SAVE 
WITH STEEL CASTINGS 


Acronautical 

Agricultural Machinery 

Automotive 

Bearing 

Boiler, Tank & Piping 

Bridge 

Chemical & Paint Works 

Compressors (Pneumatic 

Conveyor & Material Handling 

Crushing Machinery & Cement 
Mill 

Dredge 

Electrical Machinery & 
Equipment 

Elevator 

Engine 

Food Processing & Packing 
Plant 


Foundry Machinery & 
Equipment 


Cas Producer & Coke Oven 
(ears 


Heat Treating Furnace & 
Equipment 


Hoist & Derrick 

Iron & Steel Industries 

Metallurgical Machinery 

Mining Machinery & Equipment 

Oil or Gas Field & Refinery 

Ordnance 

Overhead Crane & Charging 
Machine 

Paper Mill 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 

Refrigeration Machinery 

Road & Building Construction 

Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated, & Subway Care 

Textile Machinery 

Valves, Fittings & Piping 

Well Drilling Equipment 
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ZIRCONIUM TITANIUM 
PRODUCTS 


FOR 


STAINLESS STEEL 


Many manufacturers ond users of aircraft 


stainless steel report better workability and 
fabrication with lower initial cost when TAM 
Low-Carbon Ferro-Titanium is used as a car- 
bide stabilizer. In a recent article, a com- 
petent authority in the steel industry states— 
“Today we must budget our time and capa- 
bilities to the best interests of the complete 
defense program...some of the stabilized 
stainless alloys are fundamentally less ex- 
pensive than others and it has not been 
possible to discern substantial differences in 
corrosion resistance, stability, or workabil- 
ity... certain customers say Titanium alloy 
works much better in their fabricating pro- 
cesses.’ Write for data and recommended 


uses of Titanium for aircraft stainless steel. 


GENERAL OFFICES AND WORKS: NIAGARA FALLS, N. Y., U. S. A. 
EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY 
Representatives for the Pacific Coast . . . BALFOUR, GUTHRIE & CO., San Francisco, Los Angeles, Portiand, Seattle, Tacome 
‘Representatives for Canada . RAILWAY & POWER ENG. CORP., itd., Toronto, Montreal, Hamilton, Winnipeg, Vancouver, Sydney 
Representatives for Europe . . . . + + + «+ « « ROWLANDS & CO., itd., 23-27 Broomball St., Sheffield, England 
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IN A 
DELAWARE 
CONTROLLED 
ATMOSPHERE 
FURNACE 


1. Uniformity of hearth and thermo-couple temperature. 
2. Uniformity of temperature throughout the entire muffle. 
3. Uniformity of temperature throughout the work area of the 


hearth. 
4. Short time coming to temperature. | 
5. Fully automatic, straight line temperature control — per- 


mitting exact temperature control indefinitely. 
6. Quiet operation. 
7. Perfect insulation. 
8. Low upkeep cost and fuel economy. 
9. Door operation; foot pedal and hand control. 


10. Designed for consistent operation at all temperatures up 
to 2500° F. 


11. Low labor cost, because automatic temperature control 
permits operator to give all his attention to loading, 
timing, and quenching. 

12. Front baffle tiles seal heat within the muffle and give 
flexibility in operating when door is raised or lowered. 

13. Bridged hearth tiles carry all the load stresses—quickly 
removed for repairs. 

14. “Pilot light’ method of firing muffle atmosphere excess 
genes rem oe vio If your work involves the heat-treatment of tool and alloy 

15. steels—from the simplest straight carbon type on through the 
—s = ong various moly high speed steels—you will be interested in the 

16. Correct atmospheres for steels quenched up to 1700° F. DELAWARE CONTROLLED ATMOSPHERE FURNACE 

ithout muffl ddition. ; 
ee Representing a development of many years of heat-treating 


17. Simplified at h forh i 1700 F. 
experience, it embodies patented features which make it the 
most perfect heat-treating tool of its kind. } 


High Speed steels. 


TOOL STEEL CORPORATION 
WILMINGTON © DELAWARE 
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HILE uniformity is desirable in any heat treating 
operation, accuracy is vitally important and an 
absolute necessity in the aircraft industry. 

That's one reason why EF furnaces are used in so many 
plants manufacturing aircraft engines and aircraft engine 
parts. 

The illustration below shows part of one such installation. 
These EF nitriding furnaces are producing the uniformly 
hard, wear-resisting surfaces required on aircraft engine 
cylinders. 

Designed for mass production, the furnaces are mounted 
on rails, in rows and in such a manner as to permit practi- 
cally continuous operation. We build them in various 


sizes and types. 


Recent EF installations include production furnaces for 
heat treating forgings, cartridge cases, tank armor castings, 
bomb and gun parts, machine gun cartridge clips, aircraft 
and aircraft engine parts, aluminum and magnesium cast- 
ings, wire and wire products, bolts, springs and many 
other essential products 

Submit your production furnace problems to EF 
engineers. We build furnaces for annealing, hardening 
forging, copper brazing, nitriding, normalizing, billet 
heating, and for every other heating or heat treating 


process. 


The Electric Furnace Co., Salem, Ohio 


Gas Fired, Oil Fired and Electric Furnaces — For Any Process, 
Product or Production 
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